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DECORATIVE MATERIAL 

(57) A decorative material is provided which partic- 
ularly possesses excellent adhesion properties. The 
decorative material comprises: a substrate; a print layer 
provided on the substrate; a protective layer provided on 
the print layer, the protective layer comprising an ioniz- 
ing radiation-cured resin; and a stress relaxing layer as 
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a primer layer provided between the print layer and the 
protective layer, for relaxing shrinkage stress caused at 
the time of curing of an ionizing radiation-curable resin 
for the formation of the ionizing radiation-cured resin 
constituting the protective layer. 
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Description 
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effect, and a decorative material such as a decorative plate. 
RAP.KfiROUND Q «=TUF INVENTION 

„0<«1 <n -""-J-; fC^-STSiSE LgK « gA-* weigh, 
resin, the ionizing radiation-ogred resin has a '«N»»eo « ■ cross** moleouler weight. For 

heh-een ^M. ^"^S^T^S^T*. ^^ST.Sgh. b«weeo o^etWte * se.,0 ISO 

between crosslinks is determined by the following equation: 
Average molecular weight between crosslinks = molecular weight of whole resin (m)/number of crosslink points 

^rroffunSnXoupsiny 

[0005] When the average modular ^'^^^^^^^^ng a problem of scratch resistance 
in this case, high hardness <^«*^?^™^™*^"w^^ crosslinks is 250 to 800. which 
of the protective .^ 

has been regarded as a prefened ™ ,MU ' ar £22*8 of about 800 close to the upper limit value poses a prob- 
e-eragenxtlee^weigm^e^c^^^ 

J». large amoon. o. a «^ "^tSSST^^iSS problems of the prior art, and it ia an 
enJ?» «Sn!£ and does not cense . problem of a Mure of adhesion or the like 
p pra nsi ire "F THF mt/FNTiON 

c 

Firct aspect O f invention 

[0007] According to a first aspect of the present invention, there is provided a decorative material comprising: 
a substrate; 

a print layer provided ^« substrate: . comprising an ionizing radiation-cured resin; and 

a protective layer proved onthe pr.nl ^^SSSntoXit layer and the protective layer, for relaxing shrink- 

™^ 

tion^ured resin constituting the protective layer. 
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[0008] The primer layer preferably has a thickness of 1 to 5 *im. 

[0009] According to a preferred embodiment of the present invention, the ionizing radiation-cured resin has an aver- 
age molecular weight between crosslinks of 100 to 200. 

[0010] Further, according to a preferred embodiment of the present invention, the ionizing radiation-cured resin is 

5 an electron beam-cured resin. , r . . . . 

[001 1] According to a prqfer f ^ present inventipn, for the primer l^yer,,^e yield strength is not 

less than 0.6 kgf. more preferably 6:6 to 3.6 kgf/and the breaking strength is pot lesithan ^ 1.0 
to 4.0 kgf. The yield strength and the breaking strength are measured in such a manner that two biaxially stretched pol- 
yethylene terephthalate film strips having a thickness of 50 urn and a width of 10 mm are. laminated on top of the other 

io through a 3 ^m-thick primer layer so as for the end of one of the strips to overlap with the end of ttie~other strip by 10 
mm and, in this state, the two biaxially (Stretched polyethylene ter^hthalate ; f Urn strips ? are pulley at a. temperature of 
70°C in opposite directions, V.-. ; ~,7 / \. '.' ; ."■ ' ■••^v --.v. •;•<.. = -■;*-•.— «--.*. • ; 

[0012] According ofihe piesept iny?n|pn, "the ri-otec^vf J^er ha^ a maximum 

temperature, at which ithe protest^ r ^ V- V } V ^ v, 

75 [001 3] According tp anbiher^refirred ^rr)t^iment of th'^ <^t,|^>,q^^m tempera- 

ture, at which the top cqat.^n'^ \ ■ -Z t ^r ^ i: *'■■ . . 

[001 4] According to ^tijVjadoth^ errto^im^ ihye^rrtiph^ the decorative material has a sur- ? 

face gloss of not less than . .... . ; 

[0015] Further, according Jq S pr^^^ the> print iay$r comprises a pattern 

20 having lower air permeability tharf fee ^her'portion^ arid, hai^pn its Whqle surface, tr\S jxote^vje ttte embod- 

iment, the protective layer may cprrtain higK-na for irrprovjngu in 

this preferred embodiment, concaves ancl^convexes consistent with the pkttern having' iower^^ir p^rj^.^HilY are pro- 
vided on the surface of the decorative material. 

25 Second aspect of invention 

[001 6] According to a second aspect of the present, invention, there is provided a deceptive materiarcorriprising: 

a substrate penetrable with an Ionizing f adiatioii-cyrabi^ rqsjn Qpmpc«rjton; .... ... _ ^ 

30 a penetration-inhibiting coating provided qnjhe substrate, for inhibiting the penetration of trie ionizing radiation-cur- 
able resin composition; .. t . A \ v . 

a cissing pattern provided oh the penefration-inhibrting coating, for repelling the ionizing radiation-curable resin 
composition; anji . . 

a top coat provided on the penetration-inhibiting poatjng including the cissing pattern, the top coat being formed of 
35 an ionizing radiation-cured resin composition, cqncaves being defined by the top coat, the concaves having been 
formed as a result pf cissing <# the ^ r^sin c^mpo^rtipn f rom on the cissing pattern in the 

course of the . 

[0017] f f referaWy. the/r^n ji^s i^ejri 'fc^ecj from aof^i^ mainly of an 

40 oil-resiskarrt resin. The oil-resfetant rqsin if preferably sei^ejd f rqm the grpup r C9h^ resin, a 

polyvinyl ^cbhoi resin, an acr^ljc resfn, and admixture of at "least one jthe J^i^with r>sTrv Further, 

preferably, "the oil-resistant resin comprises a thermosetting re#n >r^"^ 

gomer, or monomer. . <( ^ v „ i; ...... ,... 1 , jV -- l , ( , T .v, ll - 

[0018] According to other preferred embodiment of^the present invention, the top coat cqntmns spherical '^rticles. 

45 In this case, the diameter of the spherical" particles is preferably 30 to 2O0»% pf the Jhk^e^ Qtthe to|.^t . \ 

[001 9] According to another preferred embodiment of the present invention, the pehetration-inhiblting coatirtg func- 
tions also as a stress-relaxing layer for relaxing shrinkage stress caused at the time of curing pf thp jpnizing radiation- 
curable resin for the formation of the ionizing radiation-cured resin constituting the top coatrP^rticularly preferably, the 
penetration-inhibiting coating has a yield strength of not less than 0.6 kgf, more preferably 0.6 to 3.0 kgf , a nd a freaking 

so strength of not less than 1 .0 kgf, more preferably 1 .0 to 4.0 kgf. The yield strength and the breaking strength are meas- 
ured in such a manner that two biaxially stretched polyethylene terephthalatetflm scrips haying a thjckn.ess pf 50 \im 
and a width of 1 0 mm are laminated on top of the other through a 3 ^m-thick primer layer so as for the end of one of the 
strips to overlap with the end of the other strip by 10 mm and, in this state, the two biaxially stretched polyetrjylene 
terephthalate film strips are pulled at a temperature of 70°C in opposite directions.^ y . , 

55 [0020] Further, according to the present invention, concaves cpnsistent with the, patfern ar§ prqvided to impart a 
feeling of . con<%es^^^ , . ' . / n - ; 1 f 
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Third aspect ol invention 

[0021] According to a third aspect of the present invention, there is provided a decorative material comprising: 

a substrate formed of paper; 

a print layer provided on the substrate; 

a sealer layer provided on the print layer; and 

a top coat provided on the sealer layer, the top coat comprising a crosslinked resin, 

the top coat being regulated to a coefficient of dynamic friction of 0.3 to 0.6 in the gloss (75 degrees) range of 10 
to 50. 

[0022] The print layer preferably comprises a colored solid print layer and/or a pattern layer. 
[0023] The sealer layer preferably contains a matting agent. 

[0024] Further, the sealer layer preferably functions also as a stress-relaxing layer for relaxing shrinkage stress 
caused at the timeof curing of the ionizing radiatidn^curable resin for the formation of the ionizing radiation-cured resin 
constituting the top coat. Particularly preferably, the penetration-inhibiting coating has a yield strength of not less than 
0 6 kgf more preferably 0.6 to 3.0 kgf, and a breaking strength of not less than 1.0 kgf, more preferably 1 .0 to 4.0 kgf. 
The yield strength and the breaking strength are measured in such a manner that two biaxiaily stretched polyethylene 
terephthalate film stnps having a thickness of 50 urn and a width of 10 mm are laminated on top of the other through a 
3 jim-thick primer layer so as for the end of one of the strips to overlap w3h the end of the dther strip by 1 0 mm and, in 
this state, the two biaxiaily stretched polyethylene terephthaiate lilm strips are pulled at a temperature ol 7C°C in oppo- 
site directions. , 

Fourth aspect of inv^tion 

[0025] According to a fourth aspect of the present invention, there is provided a decorative material comprising: 

a substrate formed of paper; 
a first sealer layer provided on the substrate; 
a print layer provided on the first sealer layer; 
a second sealer layer provided oh the print layer; 

a top coat provided on the second sealer iayer, tine top coat comprising a crosslinked resin,- 1 
the total thickness of the layers being not more than 50 *im. 

[0026] According to a preferred embodiment of the present invention, the decorative material has a moisture per- 
meability after 24 hr of not mor* than 600 g/m 2 as measured according to the cup method specified in JIS (Japanese 
Industrial Standards). 

[0027] According to a further preferred ernbcdiment of the present invention, the top coat comprises an ionizing 
radiation-cured resin. According to another preferred embodiment of the present invention, the top coat contains a 

water-repellent material. ..... 

[0028] According to another prefened embodiment of the present inverrtion, the top coat ccraains a hydrophobe sit- 

ica 

[0023] According to stiii another preferred embodiment of the present invention, the first sealer layer and/or the sec- 
ond sealer layer comprise a crossiinked resin. ^ 
[0030] According to other preferred embodiment of the present invention, the first sealer layer and/or the second 
sealer layer function also as a stress-relaxing layer for relaxing shrinkage stress caused at the time of curing of the ion- 
izing radiation-curable resin for the formation of the ionizing radiation-cured resin constituting the top coat. Particularly 
preferably, the peneiration-inhfcrtirig coating has a yield strength of not less than 0.6 kgf, more preferably 0.6 to 3.0 kgf, 
and a breaking strength of not less than 1.0 kgf, more preferably 1.0 to 4.0 kgf. The yield strength and the breaking 
strength are measured in such a manner that two biaxiaily stretched polyethylene terephthalate film strips having a 
thickness of 50 M m and a width of 10 mm are laminated on top of the other through a 3 jim-thick primer layer so as for 
the end of one of the strips to overlap with the end of the other strip by 10 rnm and. in this state, the two biaxiaily 
stretched polyethylene terephthaiate film strips are pulled at a temperature of 70°C in opposite directions. 
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BRIEF DESCRIPTION OF THE DRAWINGS 
[0031] 

5 Fig. 1 and Figs. 3 to 1 1 are cross-sectional views of decorative materials according to embodiments of the present 

invention; and 

Fig. 2 is a cross-sectional view showing a production process of the decorative material according to the present 
invention. 

10 BEST MODE FO R CARRYING OUT THE INVENTION 
First aspect of invention 

[0032] A decorative sheet according to an embodiment of the present invention will be described with reference to 
15 the accompanying drawings. A decorative sheet I according to the embodiment shown fn Fig. 1 comprises a substrate 
sheet 2, a print layer 3 provided on the surface ,qj the,su£strate sheet 2, and, on the surface side of the print layer 3, an 
under cx>at 4 and an ionizing radia^ 

[0033] Materials usable the substrate srjeet Z}nc\j#ie papersj .having a basis weight : of about 50 to "! 50 g/m 2 , fibrous 
sheets formed of woven fabrics or nonwQyerj f^iGSirand olefin and. vinyl. chtoride resins. yVhen the substrate sheet 2 

20 is constituted, for example, by a fbrous sheetofprmed of 5 paper i; a woven fabric or a npnwoyen fabric, the thickness of 
the substrate sheet 2 may be about 50 to 300 j*m. L Fibroujs materials -usable for constituting the itorpus sheet include 
organic synthetic or artificial fibers, such as f foers of cellulose pulps, hemp, cotton, and nylon, and inorganic fibers, such 
as fibers of asbestos, glass, quartz, carbon, and potassium trtanate. The fibrous sheet using cellulose pulp fibers is the 
so-called "paper," and specific examples thereof include wood-free paper, kraft paper, and Japanese pager. Furtber i: for 

25 example, the so-called "impregnated paper," which is the fibrous sheet or the like impregnated with a curable resin or 
the like, may also be used jn the base paper for deccratwe papers.; n n .. : : i ... 

[0034] Another example of the substrate sheet 2 comprises, as a main material, high-density polyethylene or poly- 
propylene as a hard segment and. added thereto, an elastomer as a soft segment and an inorganic filler (first polyolof in 
resin). An ethylene-propylene-butene copolymer (second polyolefin resin) disclosed in Japanese Patent Leid-Open 

30 Nos. 1 1 1055/1997, 77371/1993, and 316358/1995 may also be used in the substrate rhest 2. Further, a mixture of iso- 
tactic polypropylene as a hard segment with atactic polypropylene as a soft segment (third polyq!efin resin) described 
in Japanese Patent Publication No. 23278/1994 msy be used in the substrate sheet 2. If necessary, a colorant may be 
added thereto. •« - t -;-v- ■ v. r 

[0035] The high-density polyethylene used in the first polyolefin resin is a high-density polyethylene which is pref- 

35 erably polyethylene having a specific gravity of 0.94 to 0.96 and a polymer, having a, high degree of crystallization and 
no significant branch structure: in the molecule, produce process. Polypropylene used in the first poly- 

olefin resin is preferably isotactic polypropylene. Elastomers usable in the first polyolefin resin include diene rubber, 
hydrogenated diene riibbei, and oletin elastomer. T^ hyflrageoated diene rubber is a diene rubber wherein a hydrogen 
atom has been added to at least a,, par} of;double bonds <£^moJecul% to 

40 inhibit the crystallization of the polyolefin resin to improve the softness. Diene rubbers include isoprenev butadiene, 
butyl, propylene^utadiene, acrylonitrile-butadiene, acryionitrileHSoprena and styrenerbirtadiene r.ubbers, r TOe olefin 
elastomer is an elastomeric copolymer wherein at least one polyene copolymerizable with two or three or more olefins 
has been added. Olefins usable herein include ethylene, propylene and; qroleiins. Polyenes usable: herein jnplude 1,4- 
hexadiene, cyclic diene, and norbornene. Preferred olefin elastomers include, t fq* example, : elastomeric : olef in T based 

45 copolymers, such as ethylene-propylene copolymer rubbers, ethylene-propylene nonTConjugated diene rubbers, and 
ethylene-butadiene copolymer rubbers. These elestomers may. if necessary, be cro^slipked to a suitable .extent with the 
aid of a.crcsslinjsing agent,, such as an organic peroxide or sulfur. 

[0036] = the amount of tfre el^tpmer added is generally 1 0 to 60% by weight, preferably afctfxit 30% by weight. When 
the amount of the -elastomer added is less than 1Q% by weight, the change in elongatipn under a given load is exces- 

so srvely rapid and, in addition, the breaking elongation, the impact strength, and the easy adhe^iprj are deteriorated. On 
the othen hand, the amount of ihe elastomer added is more than 60% {> by weight, toe transparency, the weathering 
resistance, and the creep, resistance are deteriorated. n . , 

[0037] Inorganic fillers usable herein include powders having an average particle diameter of about 0.1 to 10pm, 
such as calcium carbonate, barium sulfate, clay, and talc. The amount of the inorganic filler added is generally about 1 

55 to 60% by weight, preferably 5 to 30% by weight. When the amount of the inorganic filler added is less than 1% by 
weight, the creep deformation resistance and the easy adhesion are deteriorated. On the other hand, when the amount 
of the inorganic filler added exceeds 60% by weight, the breaking elongation and the impact resistance are lowered. 
[0038] The second polyolefin resin is a thermoplastic elastomer comprising an ethylene-propylene-butene copoly- 


5 


3COCID: <EP. 


1038665A1 J_> 


EP 1 038 663 A1 


15 


20 


mer resin. All three structural isomers of 1 -butene, 2-toAepe, and Jsobutylene are usable as the butene. The copolymer 
is a random copolymer and partly contains an amorphous p6rtipci, v . if ? ., , fc 

[0039] Specific examples of preferred eteylene-prppyJene^e/tec^fr^^ three eth- 

ylene-propylene-butene copolymer resins. The^^iymer ! r i esJo%.a ra^omcoppl.^ 

propylene and butene described in Japanese Patent. LaioMDpeh No..,1 1 1055/1997. N ot less, than 90% by weight of the 
copolymer is accounted for by propylene,. The meltflowrateof the.copolymer isvsurtabjy.lto 50 g/10 nun under condi- 
tions of 230 e C and 2. 1 6 kg. 0.01 to 50 parts by weight of a transparent nucleate* composed. mainly of an aryl phosphate 
compound and 0.003 to 0.3 part by weight of an fattyacid arnkJe having .12 to 22 carbon atoms Jias been meH kneaded 
with 100 parts by weight of the terpolymer to prepare the random copolymer. . , 

[0040] the second copolymer is a terpolymer of ethylene, propylene, and butene described in Japanese Patent 
Laid-Open No 77371/1993 wherein 80 to 0% by weight of crystalline polypropylene has been added to 20 to 100 % by 
weight of an amorphous magnetic material having a propylene corrponem content of not less than 50% by weight. The 
third copolymer is a terpolymer of ethylene, propylene, and 1 -butene described in Japanese Patent Uid-Open No. 
316358/1995 wherein 0.5% by weight of an oil gelling agent, such as N-acylaniind acid amine salt or an N-acylamino 
acid ester has been added to a composition cornprislhg 20io 100% by weight'of a low crystalline polymer having a pro- 
pylene arid/or t-butene cpntent of riot leWthan M% by! weight and, added thereto. 80 to 0% by weight of a crystalline 
polyolefin, such as isotactic polyprcipyierie. ....... ; . . •• . .. A 

[0041] The'etinylene^ropylene-butene "copolymer resin may be used alone or as a mixture of the ethylene-propyl- 
ene-butene copolymer resin optionally wim other poiyol^in resin; • ~„ eHaaA 

[0042] The third poiyoief in resin is a soft polypropylene described in Japanese Patent Laid-Open No. 23278/1 994 
which comprises a mixture of 10^o 90% by weight of a soft segment of an atactic polyolefin. having a number average 
molecular weight Mn of hot le^s than 25.000 with'a ratio of weight average molecular weight Mw to number average 
molecular weight Mn. that is. Mw/Mn, s 7 and soluble in boiling heptane, with 90 to 10% by weight of a hard segment 
of isotactic poiypropylerie which has a melt index of 0,1 to 4 g/10 and is insoluble in boiling heptane, 
25 [0043] " Among the soft polypropylenes. those, which are less likely to cause the so-called >ecWng" and have good 
suitability for embossing for forming into various shapes under heat and pressure conditions, comprise a mixture qf iso- 
tactic polypropylene with atactic polypropylene and preferably have an atactic polypropylene component content of 5 to 
50% by weight, more preferably 20 to 40% by weight. . ••■ , • t 

[0044] In an atactic polypropylene content of less than 5% by weight, nonuniform sheet deformation by necking at 
the time of embossing or forming into products having three-dimensional shapes or concaves and convexes and con- 
sequently cockles and deformation of the printed pattern are likely to occur: When the content of the atactic polypropyl- 
ene exceeds 50% by weight the sheet per se is likely to be deformed. This causes the sheet to be deformed when the 
sheet is passed through a printing machine; leading to problems, for example. deforrn#tipn of the printed pattern and, 
in the case of multi-color printing, misregistration. ^. 
[0045] If desired colorants, ultraviolet absorbers, photostabilizers, heat stabilizers, amioxidarrts. antistatic agents, 
flame retardants; foaming agent and the like may be added to the olefin resin in the substrate sheet 2. Colorants usable 
herein include: inorganic pigments, such as titanium white, zinc flower, iron oxide red. yermulion. uKranranneWye. 
cobalt blue titanium yellow, chrome yellow, and carbon black; organic pigments or dyes, such as isoindolinone. Hanza . 
Yellow A quinacridone. Permanent Red4R. and phthalpcyahineblue; metal pigments, such as flake powders^pf alumi- 
num brass arid the like; and nacreous pigments! suclj as f bike powders of titanium dioxide covered micaand basip zinc 
carbonate. Any of transparent coloration and.opaque (masking) coloration may be used. In general, opaque coloration 
is preferred from the viewpoint of concealing the adherend. . . . , . ,. 

[0046] Heat stabilizers indude conventional phenolic, sulfite, phenylalkane. phosphite, amine and other heat stabi- 
lizers These heat stabilizers are used in improving the prevention of deterioration, such as heat discoloration, at the 
time of thermal processing. Flame retardants include powders of aluminum hydroxide, magnesium hydroxide and the 
like. These are added when flame retardancy is added. 

[0047] The ultraviolet absorber is used to impart better weathering resistance to the resin, and examples thereof 
include- benzophenone ultraviolet absorbers, such as 2-hydroxybenzopherione; and salicylic ester ultraviolet absorb- 
ers such as phenyl salicylate and 4-t-butyl-phenyrsal!cylate, In addition, reactive ultraviolet absorbers with an acrytoyl 
or methacryloyl group introduced into the benzotriazole skeleton may also be used. The amount of the ultraviolet 
absoiber added is generally about 0.1 to 10% by weight. 

[0048] The addition of a radical scavenger is preferred from the viewpoint of further preventing deterioration by 
ultraviolet light and improving the weathering resistance. Radical scavengers include bis-(2.2.6.6-tetramethyt-4-p.per- 
azinyl) sebacate. bis-(N-methyl-2.2.6.6-tetramethyl-4-piperidinyl) sebacate. and. in addition, hindered radicalscaven, 
gers and Diperidinyl radical scavengers disclosed, for example, in Japanese Patent Publication No. 8^625/1992. 
[0049] The substrate sheet may be produced by blending the above materials and forming the blend into a film by 
a conventional method, such as calendering. The thickness of the substrate sheet is generally about 50 to 200 urn. pref- 
erably about 100 um. 
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[0050] The print layer 3 is formed by pattern printing, color printing or the like. The print layer 3 is specifically a 
colored (transparent or opaque) pattern or solid print with a pigment added thereto, and may be formed using an ink (or 
a coating composition), for example, by a conventional printing method, such as gravure printing, offset printing, silk 
screen printing, or transfer printing from a transfer sheet. Patterns in the print layer 3 include woodgrain patterns, rift 

5 patterns, texture patterns, leather grain patterns, geometric figures, letters, and symbols: In inks used in the print layer 
3, for example, chlorinated polyolef ins, such as chlorinated polyethylene and chlorinated polypropylene, polyesters, 
polyurethane, aery!, vinyl acetate, vinyl chloride-vinyl acetate copolymer, and cellulose resins may be used as a binder. 
They may be used alone or as a mixture of two or more. Pigments and the like may be added tcilh£ binder. *1he print 
layer 3 may be provided on the whole surface or a part of the surface of the substrate sheet 2? As shown in Fig. 1 , the 

10 print layer 3 may comprise a solid print layer 3a provided on the whole surface of the substrate sheet 2 and a pattern 
print layer 3b partially provided oh the surface of the solid print lay©. r 
[0051] When the substrate sheet 2 is formed of paper, the use of an acryl nitrocellulosic ink is preferred. On the 
other hand, when the Substrate Sheiet 2 is formed of an olefin resin, the use of a urethane ink is preferred. When the 
substrate sheet 2 is formed of a vinyl chloride resin, the use of a vinyl chloride-vinyl acetate copolymer ink is preferred. 

is Any ink capable of forming a desired pattern may be used so far as trie adhesion to the substrate sheet 2 is good. 
[0052] The acryl nitrocellulosic ink is a mixture of an acrylic resin and nitrocellulose in any mixing ratio. In this case, 
the ratio of the acrylic resiri to nitrocellulose may be any onei. Acrylic resins include acrylic resins (the term "(meth)acryT 
used herein referring to acryl or methacryl; the same shall apply hereinafter) which are homopolymers or copolymers 
containing an (meth)acrylic ester, such as poiybutyl (rheth)acrylaie. poiyethyl (meth)acrylate, polypropyl (meth)acrylate, 

20 poiybutyl (meth)acrylate, methyl (meth)acrylate-toutyl (meth)acrylate copolymer, ethyl (meth)acry late-butyl (meth)acr- 
ylate copolymer, ethylene- methyl (meth)acry!ate copolymer, and styrehe-miethyl (meth)acry late copolymer. 
[0053] At least one acrylic 'V^sin selected from the above acrylic resins is mixed with nitrocellulose, and the mixture 
is used for the ink layer. . . i 

[0054] An under coat 4 is provided for relaxing shrinkage at the time of curing of an ionizing radiation-curable resin 
25 layer for the formation of the ionizing i radiation-cured resin layer 5: The under coat 4 may be formed of acrylic resin, vinyl 
chloride-vinyl acetate copolymer, polyester resin, urethane resin butyral resin, chlorinated polypropylene, or chlorin- 
ated polyethylene. ""."''[] '. J ^/ ''[' s V V- . " ■■ • - ' 

[0055] When the under coat 4 is formed of a resin layer composed mainly of an acrylic resin, acrylic resins usable 
herein include those used in the acryl nitrocellulosic ink, for example, acrylic resins (the term "(methJacryT used herein 

30 referring to acryl or meth&ryi; the same shall apply hereinafter) which are homopolymers or copolymers containing an 
(meth)acrylic ester, Such as pplymethyl (meth)acrylate. poiyethyl (meth)acrylate, polypropyf (meth)acrylate, poiybutyl 
(meth)acrylate, methyl [ (meth)acrylate-butyl (meth)acrylate copolymer, 1 ethyl (meth)acry late-butyl (meth)acrylate copol- 
ymer, ethylene-methyi (meth)acrylate copolymer, and styrene-methyl (meth)acrylate copolymer. 
[0056] A urethane resin may also be used for lorming the under coat 4. The urethane resin may be a polyurethane 

35 comprising a polypi (a polyhydric alcohol) as a main agent and an isocyanate as a cfossiinking agent (a curing agent). 
Polyols usable herein include those having two or more hydroxy! groups in the molecule thereof, for example, polyeth- 
ylene glycol, polypropylene glycol, acrylpolyol, polyester polyol, and polyether polyol. Isocyanates usable herein include 
those having two or more isocyanate groups in the molecule thereof, for example, polyls^yain&te, aromatic isocyanate, 
such as 4,4-diphenylniethane diisocyanate, or aliphatic (or alicyclic) isocyanate, such as hexamethylene diisocyanate, 

40 isophorone diisocyanate, hydrogenated tdlylene diisocyanate, and hydrogenated diphenylmethane diisocyanate. Fur- 
ther, the under coat 4 may be formed of a mixture of a urethane reisin with a bUryral r&sity. "'"'J ' .. . 1 7* 
[0057] The under coat 4 is a layer for relaxing shrinkage at the time of curing of an iphizing radiation-curabje resin 
layer for the formation of an ionizing radiation-cured resin layer 5. In order to attain the contemplated effect, the thick- 
ness of the under coat 4 is set to 1 tb 5 jim. in particular, a thickness of not leis than 2 juti is pretended f f 6ni the view- 

45 point of relaxing the shrinkage of the curable resin layer, and a thickness of not more than 3 |irn is preferred from the 
viewpoint of preventing layer-to-iayer separation. Therefore, the layer thickness is more preferably about 2 to 3 jim. 
When the under coat 4 having a thickness selected from the above thickness fange is formed on the pattern layeT 3 and, . 
thereafter, an ionizing radiation-curable resin layer is formed thereon followed by curing the ionizing radiatidn^curabie 
resin layer to form an ionizing radiatidri-cured resin layer 5 as the protective! layer, the ihf fuertc^ of cdnderisatiqp* of the 

so ionizing radiaition-curable resin layer does not directly reach the print layer 3! The softness^of the under coat 4 pgr se 
can satisfactorily relax the shrinkage at the time of curing of the ionizing radiation-curable r^sirt layer to form the ionizing 
radiation-cured resin layer 5. ? * 

[0058] The under coat 4 may be formed by a direct coating method. A transfer coafinc^rhethod may also be used. 
When the under coat 4 is formed by the direct coating method, gravure coating, gravure reverse coating, gravure offset 
55 coating, spinner ^ cc^iing, rbl) coating, reverse roll coating, kiss coating, whirler coating., dip citing.' solid coating using 
silk screen^ wire bar coating,^ low coating, Kpmma coatihg, cast coating, brush coating; dr^ may 
be used. The transfer coating method is such that a coating for an' under fc'qat is once ^ fbrhied T6n a ; ^hin sh^d or film 
(substrate) and then covered oh the surface of the substrate. Examples of the transfer coding method include a lami- 
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nation method wherein the coating of the coating composition, together with the substrate, is adhered onto a three- 
dimensional object, and a transfer method wherein a transfer sheet comprising a releasee support sheet and. pro- 
SEftra -a Sating and optionally an adhesive layer is Once adhered and only the support sheet .s separated. 
r00591 The ionizing radiation-curable resin layer 5 for the formation of the ionizing radiation-cured ran layer as the 
protective layer may be an ionizing radiation-curable composition comprising a suitable mixture of prepolymers. ol.gom- 
e nSnomers having a polymerizaUe unsaturated bond(s) or an epoxy groups .n the mdeoile thereof. The 

tern S£SS*i* used herein refers to electromagnetic radiations or charged part.de beams wh.ch have energy 
q^Trrtl enable of polymerizing or crosslinWng molecules, and generally refers to. tor exampre. ultravolet l.ght or elec- 
Son beanT In the present embodiment, the ionizing radiation-curable resin is an electrori beanvcurable resm wh.ch. 
uoon exposure to an electron beam, can be cured to form an electron beam-cured resin hav.ng h.gh taidnns. 
S Prepolymers and oligomers include: unsaturated polyesters, such as condensates of unsaturated d.cartx>x- 
Scacids wWp^yhydric alcohols; methacrylates, such as polyester methacrylates. polyether methacrylates. polyol 
methS.at2.Tnd melamine methacrylates; acrylates. such as polyester acrylates. epoxy acrylates. urethane acr- 
XTpSSher acrylates. polyol acrylates. arid melamine acrylatesrand cationically polymerrzaWeepoxy compounds. 
[0061] Urethane acrylates include, for example, polyether urethane (meth)acrylates represented by the fo.low.ng 
general formula which are prepared, for example, by reacting poiyether ^dtolwfth d «^ a ^ 
r00621 CH,=C(Rn-CdOCH 2 CH 2 -OCONH-X-NHCOO-t-CH(R 2 )-(CH2) n -0-] m -CONH-X : NHCOO- 
CHoCHoOCOCCRVCHa wherein R 1 and R 2 each independently represent a hydrogen atom or a methyl group; X rep- 
resents a diisocyanate residue; n is an integer of f to 3; and m is an integer of 6 to 60. 
on loSST Wisccvanates usable as the polyether urethane (methacrylate include, for example, .sophorone dnsocy- 
Lnate dicyclohexylmethane diisocyanate. hexamethylene diisocyanate. diphenylmethane diisocyanate. and to.ylene 
dSccyanate. Poiyether diols include polyoxypropylene glycol, polyoxyethylene glycol, and I polyoxytetramethylene gly- 
col theseDolvetoerdiols haWr^a nx>lecularweigWof500to3.000. 

100641 Examples of the production of urethane acrylate will be described. A glass reactor equ.pped wrth a dropping 
funne a thermometer, a reflux condenser, and a stirring rod was charged with 1 .000 parts of polytetramethylene gfyco 
hS^moiSiiar weight of 1.000 and 444 parts of isophorone diisocyanate The system was ahoweo to react at 
SS SrTJTS then coaled to 80 -C or beiow. 232 parts by weight of 2-hydroxyethyl acrylate was added thereto, 
and a reaction was allowed to proceed at 80'C until the isocyanate group disappeared. Thus, a uretnane acrylate was 

30 rooS!^' Monomers usable for the formation of the ionizing radiation-curable resin include styrene monomers, such 
Sene a^Tmethyistyrene. acrylic esters, such as methyl acrylate. 2-ethylhexyl acrylate. methoxvethy. acrylate 
^oXy! acrytote. buiyf acrylate. methoxybutyl acrylate. and phenyl acrylate. methacryhc esters^ such as methyl 
mSSteX methacrylate. propyl methacryiate. methoxyethyl methacryiate, ethoxymethyl methacrylate phenyl 
IS e* Sd Z3 meWcrylate substituted amino alcohol esters of unsaturateosubstituted acids, such as 2- 

35 rN5eSminO)ethyl acrylate. ^(N.NKfimethylaminOethy. methacrylate. 2-(N.N-dfoenzvlani.no)me^ iacrylate. 
SfTlSieth^aminoJpropyl acrylate. unsaturated carboxylic acid amides, sucn as aery 1am.de and methatf ylamjde 
founds sucJas ethyfone glycol diacrylate. propylene glycol diacrylate, neopentyi glycol 

dTacrylate and Methylene glycol diacrylate. polyfunction^ compounds, such as drpropylene glycol d acrylate. ethylene 
g ycoVd^ate. propylene glycol dimeihacrylafe. and diethylene glycol dimethacrylate. and/or po.yth.d compounds 
Eg tw^or^re thioi groups in a branch thereof, tor example, trimethyiolpropane trithioglycolate. tr.methylolpropane 

he ionizing radiation-cured resin layer 5. Photopolymerization initiators inciuoe acetophenones. beniophenones. M.cn- 
2s benzoyl benzoaie. a-aminoxime ester, tetramethylthiuram monosulfide. thioxanthones, aromatic d.azon,um salt, 
aromatic sulfonium salt and metallocene. n-Butylamine. triethylamine. tri-n-butylphosphine or the l.te may be further 
added as a photopolymerization accelrator (a sensitizer). The amount of the photopolymer.zat.on .nrtrator added ^pref- 
erably 1 to 10% byweight from the viewpoint of good curability. The photopdymer.za1.on .nrtrator is preferably a benz- 
oDhenone photopolymerization initiator from the viewpoint of good curability. ,, . 

mwT The ionizing radiation^ured resin layer 5 may further contain, dispersed therem sphencal partdes for fur- 
so heV ^parting scratch resistance to the ionizing radiation-cured resin layer 5. The sphencal parties may be made of 
an t Sal so far as the hardness is higher than the resin cured by crosslinWng. Inorganrc particles or organrc resm 
oartdes may be used as the spherical partides. However, inorganic particles are recommended from the vrewpojnt of 
SxaS SUtenceTnd hardness. The difference in hardness between the spherical particles and the resrn cur«, by 
cmSX?may be measured, tor example, by the Mohs hardness. Vickers hardness or other method, and .s prefera- 
« hlv not less than 1 in terms of Mohs hardness. 

100681 Specif ic examples of materials for spherical particles include inorganic parhcles ot a-alum.na. s.l.ca. chro- 
E oxide^n oxideZmond. graphite and the like, and organic resin particles, such as beads of synthetrc resrns. 
Turrcrossitoked acrylic resins. Particularly preferred spherical particles are spherical a-alumma. for example, from 
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the viewpoint of very high hardness,, high effect of abrasion resistance, andrelatively good availability of spheres. 
[0069] The spherical particles rnay be in any shape so far as the surface is surrounded by a smooth curve, and 
examples of shapes include truly spherical shapes, ellipspjdg of revolution in a flattened sphere form, shapes close to 
true spheres, and shapes close to ellipsoids of revplution. JRreferab'y, the spherical particles are free from protrusions, 

5 corners, valleys, or concaves particularly, on the sui^ce.ptpar^cl^ ? ,11ie spherical particles, as compared with parti- 
cles, having irregular shapes, of the same material, can advantageously significantly improve the abrasion resistance 
of the surface resin layer per se.does not abrade a coating device, and, even after the curing of the coating, does not 
abrade other materials, which come into contact with the coating, arid, in addition, can provide higher transparency of 
the coating. Spherical particles having smooth shapes can improve the effect. 

10 [0070] In the present embodiment, particularly the resin constituting the ionizing radiation-cured resin layer 5 pref? 
erably has an average molecular weight between crosslinks of not less than 1 00 and not more than 200. When the aver- 
age molecular weight between crosslinks falls within this range, in a test on resistance to staining, any contaminant is 
not left on the surface of the layer, and the surface of the layer exhibits good resistance to staining. According to the 
present entxxiiment, in curing the ionizing radiation-curable resin Igiyer to form the ionizing radiation-cured resin layer 

is 5. the under coat 4 relaxes shrinkage caused in the course of curing of the resin layer. This can prevent the surface of 
the print layer 3 from being directly broken. Primarily, when ttie average molecular weight between crosslinks is not 
more than 200, the crosslinking reaction strongly act in the layer, leading to signif icant shrinkage. However, the under 
coat 4 functions to scatter the force created by shrinkage and thus can prevent the print layer 3 from being broken. The 
average molecular weight between crosslinksof the resin constituting the ionizing radiation-cured resin layer 5 may be 

20 determined by dividing the molecular weight of the whole resin by the number of crosslink points (see the numerical for- 
mula described above). In this case, the molecular weight of the whole resin is X (number of moles of each component 
incorporated x molecular weight of each cx^mppnent), and the number of . crosslink points is 
X [1 (number of functional groups in each component - 1 ) x 21 x number of moles of each component]., 
[0071] The ionizing radiation-pured resin layer 5 may contain an ionizing radiation-noncurable resin so far as the 

25 resistance to staining is not sacrificed, ionizing radiation-noncurable resins usable herein include thermoplastic resins, 
such as urethane; cellulose, polyester, acrylic, butyrai. polyvinyl' chloride, polyvinyl acetate and other thermoplastic res- 
ins. Among them, cellujosic. urethane, and butyraj thermoplastic resins are preferred from the viewpoint of flexibility. 
The ionizing radiation-cured r<*sin layer 5 may be formed by boating a coating composition containing the above- 
described ionizing radiation-curable resin, spherical alumina, and plastic beads and other additives on the print layer 3 , 

30 provided on the substrate sheet 2 and curing the cqating. Jhe coating composition for the ionizing radiation-cured resin 
layer 5 may contain, in addition to the above ingredients, cdprants, such as dyes or pigments, and, in addition, additives 
commonly added to citing .conpositipns or .inks, for example, fillers including conventional matte regulating agents or 
extenders, such as CaC6 2 and BaSd 4 , antifpaming agents, levelling agents, fhixotropic .agents so far as the transpar- 
ency, abrasion resistance ard the like as ^ 

35 [0072] In order to mddify the viscosity, the coating composition fpr the ionjzjng radiation-cured resin layer 5 may 
contain not more than 30% by weight, based on the corripositiori, of a solvent which can dissolve components of the 
resin and has a boiling point of 70 tp 150*0 at the atmospheric pressure.^ When the amount of the solvent added is.not 
more than 30% by weight, the coating cari.be smoothly dried and the production speed is not isignHirabtJy lowered. 
[0073] The solvent may be any solvent cpmrnonly used, for. example, in coatihg.cpr^^ and inks, and specific 

40 examples thereof include: aromatic hydrocarbons, such as toiuene and xylene; ketones, such as acetone, methyl ethyl 
ketone, melhyl isobutyl ketone, and cycloriexanone; acetic esters, such as ethyl acetate, isppropyj Acetate, and amyl 
acetate; alcohols, such as methyl alcohol, ethyl alcohol, and isopropyl alcohol;, etHWs, such as dioxahe, tetrahydrpfuran, 
and diisopropyl ether; and a mixture of two or more of these solvents. 

[0074] ' The ionizing radiation-cured resin layer may be formed, by a direct coating method wfierein the coating conv 
45 position is coated directly on the surface of the substrate sheet, or by a transfer coating method wherein an ionizing i. 
radiation-curable resin layer is previously formed on the surface of a releasable substrate fbllowed,by transfer of the ton-.' 
izing radiation-curable resin layer onto the surface of the substrate sheet When a decorative pap>er is used as the sub- 
strate sheet, any of the direct coating method and the transfer coating method may be us$d if a base paper for the 
decorative paper is formed of a material into which the coating composition cannot penetrate. On the other hand, the 
so use of the transfer coating method is preferred when the base paper for the decorative paper is penetrable with the cpat- 
ing composition, when the substrate has surface irregularities, when an even coating thickness is contemplated, or 
when the provision of uniform abrasion resistance is contemplated by using uniform intensity of the ionizing radiation. 
[0075] Direct coating methods usable herein include gravure coating, gravure reverse coating, gravure offset coat- 
ing, spinner coating, roll coating, reverse roll coating, kiss coating, whirler coating, dip coating, solid coating using silk 
55 screen, wire bar coating, flow coating, Kornma coating, cast coating, brush coating, or spray coating or the like. Among 
them, gravure coating is preferred. 

[0076] The transfer costing method may utilize the following means (a) to (d). Specifically, fpr example, use may be 
made of a lamination method (a, b) wherein a coating is once formed on a thin sheet (film) substrate and then cured by 
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crosslinking followed by covering on the surface of a substrate or wherein a coating ol a coating composition, together 
with a substrate is adhered to a three-dimensional object, and a transfer method (c) wherein a transfer sheet formed 
by once forming a coating and optionally an adhesive layer on a releasable support sheet and curing the coating by 
crosslinking is adhered to a three-dimensional object, in such a manner that the costing side faces the three-dimen- 
sional object followed by removal of only the support sheet. Specifically, examples of means usaae herein include (a) 
a simultaneous injection molding and transfer method as disclosed in Japanese Patent Publication Nos. 42080/1990 
and 19924/1992, or a simultaneous injection molding and lamination method as disclosed sn Japanese Patent Publica- 
tion No 19132/1975, (b) a simultaneous vacuum toning and transfer method as disclosed in Japanese Patent Laid- 
open Nos 288214/1992 and 57786/1993. or a simultaneous vacuum forming and lamination method as disclosed in 
Japanese Patent Publication No. 45768/1981. (c) a simultaneous lapping and transfer method or a simultaneous lap- 
ping and lamination method as disclosed, for example, in Japanese Patent Publication Nos. 51900/1984. 5895/1986. 
and 2666/1991. and (d) a simultaneous V-cutting and lamination method as disclosed, for example, in Japanese Utility 
Model No. 31 1 22/1 926, or a simultaneous V-cutting and transfer method-as disclosed in Japanese Patent publication 
No. 7866/1981. The resin layer may be formed on the thin sheet substrate by various coating means as used in the 
direct coating method. 

[00771 Further a method may be used wherein tine following steps (A) to (D) may be carried out sequentially (as 
described in Japanese Patent Laid-open No. 26673/1 990). SpecKically, this method comprises the steps of: (A) coating 
an uncured liquid ionizing radiation-curable resin composition onto a nonabsorptive, reieasabte synthetic resin sheet; 
(B) laminating the coated sheet onto a substrate in such a manner that the coating comes into contact with the sub- 
strate- (C) applying an ionizing radiation to the coating of tine ionizing radiation-curable resin composition to cause 
crosslinking and curing the coating; and (D) separating and removing the synthetic resin sheet, in the method, when 
the ionizing radiation-curable resin is used after dilution with a solvent, the step of removing the solvent is provided 
between the step (A) and the step (B). According to the above method, even when the substrate is a material having 
high penetrability such as paper, the so-called "strike through." wherein the resin passes through the substrate and 
reaches the opposite side of the substrate, can be surely prevented This enables an ionizing radiation-cured resin layer 

5 having good abrasion resistance to be easily formed on the surface of the substrate. 

[0078] As shown in Fig. 2. the decorative plate according to the present invention comprises: a substrate 6 for a 
decorative plate and a decorative sheet 1 applied onto the substrate 6 for the decorative piate. the decorative sheet 1 
comprising the substrate sheet, the print layer, the under coat, and the ionizing radiation-cured resin layer stacked in 
that order on top of one another. As shown in Fig. 2, in bonding the decorative sheet 1 . an adhesive 7 is coated onto 
the surface of the substrate 6 for the decorative plate, and the decorative sheet 1 is then laminated onto the substrate 

6 for the decorative plate in such a manner that the decorative sheet 1 comes into contact with the adhesive 7. followed 
by integration to prepare a decorative plate £ as shown in Fig. 3. The adhesive 7 may be coated on the side of tne dec- 
orative sheet 1 . ■_. . ; . 
[00791 Substrates 6 for the d&dorative plate usable herein include: wood plates, such as veneers of wood, ply- 
woods particle boards, and MDFs (medium-density fiber boards); gypsum boards and gypsunvbased boards, such as 
gypsum slag boards; cement boards, such as calcium silicate boards, asbestos siate boards, lightweight gas concrete 
boards and hollow extrusion cement boards; fiber cement boards, such as pulp cement boards, asbestos cement 
boards' and wood chip cement boards; ceramic boards, such as earthenwares, porcelains, stonewares. doW. glass, 
and porcelain enamels; metallic plates, such as iron plates, galvanized steel plates, polyvinyl chloride sot-coated steel 
plates aluminum plates, and copper plates; thermoplastic resin plates, such as pdlyoiefin resin plates, acrylic resin 
plates' ABS plates, and polycarbonate plates; thermosetting resin plates, such as phenolic resin plates, urea resin 
plates' unsaturated polyester resin plates, polyurethane resin plates, epoxy resin plates, and melamine resin plates; 
and resin plates, such as the so-called FRP plate, produced by impregnating resins, such as phenolic resins, urea res- 
ins unsaturated polyester resins, polyurethane resins, epoxy resins, melamine resins, or diallyl phthalate resins into 
glass fiber nonwoven fabrics, woven fabrics, papers, oi other various fibrous substrates, and curing the impregnated 
substrates to prepare composites. "The substrate for the decorative plate may be a composite substrate produced by 
stacking two or more of the above various substrates on top of each other or one another by conventional means, for 
example, with the aid of an adhesive or by hot fusing. 

[0080] Tne adhesive may be any one so far as it canbond the substrate 6 for the decorative plate to the decorative 
sheet 1 and examples thereof include vinyl acetate and urea adhesives. 

[0081] Lamination of a decorative sheet onto a substrate, such as a particle board, for imparting surface decoration 
to the substrate to prepare a decorative material is well known in the art. Decorative sheets usable in the decorative 
material include precoated papers, for example, urethane coated papers prepared by coating a base paper with a ure- 
thane resin and an EB coated paper prepared by coating a base paper with an ionizing radiation-curable resin, m these 
decorative sheets high temperature treatment is carried out at the time of lamination of the decorative sheet onto the 
substrate This poses a problem that the resin layer in the decorative sheet is deteriorated due to a heat change 
between before and after hoi lamination. This causes a change in gloss of the decorative sheet in its surace and in its 
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turn adversely affects the decorative effect. .-. 

[0082] The decorative sheet of the 4 present invention fcr solving the above problem is a decorative sheet to be hot 
laminated onto a substrate. the ^ecpr^twe.$heetvpr.^erably having, as the outermost layer, a surface protective layer 
having a maximum temperaturejat whickthe surface protective layer can withstand, of 1 70°G. The "maximum temper- 
5 ature at which the sur1ace,rxpt^ctive4ayer cgn vwthstarui^fer^ to the maximum temperature at which the gloss of the 
surface protective layer is not-changed-: : - « ^ : * • \--o:o 

[0083] The gloss of the^surface protective Jayer, in the decorative sheet is, preferably not less than 90 as measured 
with a Gardner 75-degree gloss meter i: lfi this case* the surface, protective layer is preferably formed of an electron 
beam-cured resin which has been produced from a composition preferably selected from thpsecontaining an urethane 

10 acrylate oligomer, a polyester acrylate oligomer-, apolyfunctipnal monomer and a. rronofunctional jripnomer. 

[0084] The decorative material accprdiog to the-.prese/it invention inc&Jd£ 3 decprati ve, material of - the above deco- 
rative sheet hot laminated ontpth^substrate... ? :.:;v.\ ■r::.^-^- ~~ .'.r;.v--. .y. : v- < 
[0085] The layer constr^Qn.of the d^or^tive^sheeMccording \o&\% embodrment is shown in Fig. 9. Numeral 93 
designates a base paper,93 spying as a substrate sh^etm* Sheet. A pattern layer 92 is formed using a 

is printing ink on the base paper 93, and a surface protective layer 91 formed of an electron beam-cured resin is ftTthe*- 
provided on the pattern layer 42.. The |ay§r, construction ot.th^f(jBjX3r^tiyf material according to the present invention is 
shown in Fig. 10. As'shown ijjijhjfe invention is hoi laminated onto var- 

ious substrates M/such-^ a d^orative.material Recording to the present invention. Con- 

ventional decorative sheets undergo a ther^Cdetertorat^ ft, I.SO.to 170®C. : As a result, the surface gloss of the 

20 decorative sheet is lowered. By .contrast, sinP^^e de<^ra^ve sheet according to the present jrwention has a maximum 
temperature, at which the decorgtiye j^eWc^i ^fh%feeurijC pf i?0*Q ^ ^raljve sh^et^ even wh«9l exposed to a tem- 
perature up to 1 70^0, does r^Mnd^ ■=•■•*« I !0 ! . 
[0086] Preferably, the resin usee* iq ^esurfacf protective layer, has a maximum tempera^re.^whiph $e£esirj.can ; 
withstand, of 170°C. Resins-haying s^ resins, ^aminare^ip^^l^V^nSfM^ 

25 resins, and electron beam-cured resins, -EI^^IWCV^^^^.^ I?r the electron beam-cured r.esin include Jhose 
containing a urethane acrylate oligomer.,,? "polyester lacrylatet pi jgprper,.^ polyfunctional monomer 6 ^nd ropripfunc- 
tional monomer. ? . t - • ... ^.twa* r: : - ■ 

[0087] A pattern is forrrjied jusingja pripting in^ on a base papjer^y a c»nventipnalprinting technique, such^s gra- 
vure printing, offset sprinting, or ^ilk^eepprM^ :;? ■ ., .-.n » . • ! .*:.-; 1 

30 [0088] Base papers usable J hereiri^nclMde Ji^e f^PQrs, wood-free papers, .and Japanese papers. In particular, a 
paper called. Titanium paper." Trto.whjch an pp^gu'e P^n^rt. .^uc^as .titani urn oxide, has been mixed, is preferred 
because of its excellent opacifying power arKt impregnation^ the. ^ 

[0089] The substrate is preferably one which can provide thickness and strength necessary as the decorative mate- 
rial, and examples thereof include plywoods and particle boards. 

35 [0090] Embodiments of the deporative material having concaves and convaxes.cansist^nt with the printed pattern 
formed in the print layer wil^ , - . . « -- : .;?■. c/:-- ■*- ... 

[0091 ] Various attempts to render recesses n the vessel portions of the woodgrains have hitherto been made. For 
example, Japanese Patent Laid-Open l\io. 2p9 > 1 2/1 973 discloses a rpethod for renderings teeming .olxongaves and con- 
vexes wh^reinflat dull vessels are printedarKi^ print is then proy^ed on poiipnsxjtr^than the ves- 

40 sels. Japanese, Patent -Uidrbpen No. 16752/1974 discloses a metbpd wherein three or.mpre i ir>Ks wjth thecpmerrt of 
the particulate .splid being stepwise , increased ar,e printed and, in triis qase, par^ujarlyjthe ye^gl r^rtipn is,printed 
using an. ink or coating composition haying the highest particulate soljcl CQntert.ipllpw.ed by the provision pf a surface 
protective layer on the whole surface. Further, Japanese Patent LaudrPpen No. 10$»9/1 990 .discloses a method 
wherein upper portions of the vessel pattern and upper portions of the other patterns are printed respectively using 

45 matte and glazing inks to render a feeling of concaves and convexe^. .. , 

[0092] in the case of printing pf ordinary woodgrain patterns, gravure printing is generally used, and plates pf three- 
color separation are also used.. Rather, however, special printing using special platen, that is. special printing using 
three plate cylinder rollers in total, that is, a plate cylinder roller for uniformly applying a color, ijs., for. solid printing, a 
plate cylinder roller for rendering the shading of the whole woodgrain, and a plate cylinder rpller for rendering vessel , 

so portions, is carried out in more cas_ejs. Since elastic. special original, materials .are. in many cas^s us^d, the above special 
printing is used. In this case, special plates are used wherein, in " the regiftratiori, r slight deviation jn the flow of the orig- 
inal material, that is, in the direction of the length^does not provide an impression of significant drawback. J n this special 
printing, instead of conventional yellow, magenta, cyan, and black process colors as. inks, specially blended special 
color inks are generally used. . j. «...„ u 

55 [0093] , , : . Ap atterrpt to render recesses of the vessel portion by using an ink different frorn that gsed in the formation 
of the vessel portion requires an additional plate cylinder roller in addition to the above thr.ee, plate; cylinder, roljers. Fur- 
ther, an.atterrpt to renoWthe raised.pprtion in the pattern other than the vessel portiop-xeqijires a further additional 
plate cylinder roller. Whervone. or two' plate cylinder rollers are. used in addition^ the co^ntipnal three plate cylinder 
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rollers a three-color machine cannot be used because only up to three plate cylinders can be installed. Instead, for reg- 
istration between patterns, a four-color machine, a five-color machine, or a multi-color rnecnirie for more colors should 
be used This leads to a limitation of usable printing machines. The surface protective laye nay be tot med by a printing 
machine However the use of a coater, such as a roll coater, is more suited. If possible, the use of a coater different 
from the printing machine is preferred. When uniform coating is canied out on the whole surface after printing, registra- 
tion between the print pattern and the coating layer is unnecessary. Therefore, it is possible to use a method wherein 
an original material which has been once wound after the completion of the print, is fed from a paper feed stand of a 
coater and coating may be carried oui without taking into consideration particularly the registration. When coating is 
carried out after printing and printing is then canied out once more, registration between print patterns is necessary. In 
this case the original material, which has been once wound after the completion of the printing and coating, is fed again 
from a paper feed stand of the printing machine followed by printing. In fact, however, registration between the printed 
pattern and the pattern to be later printed is very difficult. 

[00941 When the conventional techniques described is reviewed based on the above general finding, it is apparent 
that the conventional techniques have the following drawbacks, in the first conventional technique, in addition to printing 
of ordinary woodgrain patterns, printing is carried out using two plate cylinder rollers, and. in this printing; exact regis- 
tration is necessary between a positive plate having a pattern con esponding to portions of vessels and a plate having 
a pattern in a negative relationship with the above pattern. That is. exact registration is required so as not to create a 
space between both printed patterns. When a space is created between both the printed patterns, physical and chem- 
ical various properties of the surface cannot be ensured in that portion. In the second conventional technique, since the 
surface protective layer is provided, the physical and chemical various properties of the surface are ensured to some 
extent In this technique however, three or more inks with the particulate solid content being step-wise increased 
should be necessarily used for the formation of portions including those other than the vessel portion. This is causative 
of the limitation of rendering of texture. Further, the addition of the particulate solid accelerates the penetration of the 
coating composition coated on the vessel portion. This Increases the amount of a waste coating composition for improv- 
ing the surface properties, and considerable penetration of the coating composition occur also in portions other than the 
vessel portion although the degree of the penetration varies from portion to portion depending upon the particulate solid 
content In the third conventional technique, consideration is made so that the registration accuracy is relaxed. As with 
the first conventional technique, however, a pattern different from the woodgrain pattern should be formed in order to 
provide a feeling of concaves and eonvexes. Therefore, in addition to a piate cylinder roller for rendering a conventional 
pattern, two additional piate cylinder rollers should be provided. 

[0095] Therefore accoiding to a preferred embodiment of the present invention, there is provided a decorative 
material having a feeling of concaves and eonvexes consistent with a pattern, which, in the production thereof, can 
eliminate the drawbacks of the prior art. that is, can minimize the necessity of increasing ihe number of plate cylinders 
and is less likely to cause a problem of'regisiiration, and, in addition, has a uniform surface protective layer having sat- 
isfactory protective function. . .. . . . 

[00961 According to another preferred embodiment of the present invention, there are provided a decorative mate- 
rial which has improved physical and chemical various properties of ttie surface while fenjoying the feeling of concaves 
and eonvexes consistent with the pattern, and a decorative material provided with a protective layer having improved 

abrasion resistance. . . ■ . „ 

[00971 That is according to a preferred embodiment of the present invention, the print layer is formed of a pattern 
having lower air permeability than ihe other portions, and a protective layer is provided on the whole surface of the print 

[0098] One example of the decorative material according to the above embodiment is shown in Fig. 11. A 
woodgrain pattern 103 including a vessel pattern 102 and a pattern 104. with higher air permeability, covering portions 
other than the portions on the vessel pattern 102 are provided through a primer layer 106 on a substrate 101 A surface 
protective layer 105 is provided oh the whole surface covering the vessel pattern 102 and the pattern 104. As shown in 
the drawing, the woodgrain pattern 103 includes a solid print. / 
[0099] In this embodiment, attention is drawn to a woodgrain pattern, and portions corresponding to the woodgrain 
vessel pattern are rendered more matte as compared with portions around the portions corresponding to the woodgrain 
vessel pattern in order to provide an appearance such that the vessel pattern is in a recessed state. At the outset, a 
woodgrain pattern 103 containing a vessel pattern 102 corresponding to woodgrain vessels and a pattern 104. with 
higher air permeability, covering portions other then portions on the vessel pattern 102 are provided on a substrate 101 . 
The vessel pattern 102 and other woodgrain pattern are formed using conventional inks. and. as described below, the 
pattern 104 is formed so that the air permeability is lower than that in the other portions. The woodgrain pattern is an 
embodiment in which the effect of the present invention can be easily attained. As described above in connection with 
the prior art. however, the piese.it invention can be applied to any pattern so far as the feeling of concaves and con- 

[oTMr^The^ubstratriOl may be any substrate commonly used in the decorative material. Substrates usable 
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herein may be classified roughly into various papers, plastic films or plastic sheets, metallic foils, metallic sheets or 
metallic plates, wood^ased plates, such as wood, and vjariousxeramic materials. Materials falling within these groups 
may be used alone or alternatively as a iaminate piany .^^atipn of these. materials, such. as a composite between 
papers, a cpnposite of a paper and a,plaft^ rnay painted for regulating colors, or 

s alternatively, a conventional pattern may be "previously^ viewpoint of design, prior to the coating or the 

formation of conventional patterns, the surface may be snp^^nQc alternatiyely piay be subjetf ^tp substrate treat- 
ment for enhancing the adhesion pfibe^^ patterns, 
adhesion-improving treatmerrt nrmy be carried^ . r v 

[0101] Typical papers include jti^sue.papecs, teaft papers^ . titanium papers, and resinnnpregn^t^ papers wherein 

w a resin has been previously ^Tpr^nated ; frjom the viewpoint of reinforcing paper strength., Other examples .of papers 
usable herein include linter papers. papeit^rds^ and original papeisjor gyp^uiflbq^rds, and a grot?) of original papers 
extensively used in the field of buiiding materials, such as original materials 5 fot vinyl wall paperSiWherein a vinyl chloride 
resin layer has been provided on ^e suifece of p^ens. ^drtjonal include, papers Jor use in office 

works or conventional .printing. *. oir. .. r (^€^ka^inQ, such as <^t^ papers, ant ir p£pers, yeget^^ : p^<^eiits, glassine 

is papers, parchment p^p^re, Japape^e papery, jrupher, woven, fabrics ,or nqnwpven. fabrics 

of various fibers having apjfj^arance ar$ p^ppgrti^s clpse.tp. popes atepbe utilized as the substrate i although 
they are different fromihe^^ ^ferred tp herein inclijde: : ii^rganrc fLbi^s, ,^uch as glass 

fibers, asbestos fibers, ptfa^iuri^tt carbon fibers; and synthetic fibers, 

such as polyester fibers a^.y)p$$njpers. ..j^.- : » - , . .. - ■ - c vr, 

20 [0102] Plastic films or plastic sheet? indudefjlrns or \sheets of the. following various synthetic resins, yarioys syn- 
thetic resins include polyethyfe^ resins, ^|ym^ 
vinyl chloride resins, pofyvinyljdwe^^^ ^iyyjriyl alcphoi resins, -,vinyl.. c|^oriple^yinyl t ac0tate| copolymer 
resins, ethylene-vinyl acetefex^ iresins, ...^yB^enja terephthaiate 
resins, polybutylene terephthal<MVr^^ copolymer^ ^esi^^li^ett?yl meth- 

25 acrylate resins polyethyl methacrylate -resin^ ppjybutyl '^cryiate ^^ns, pqly^mide resins typified by nylon 6 or nylon 
66. cellulose triacetate resins, ceiiophianes. polystyrene resins. "polycarbonate resins, polyallylate resins, and polyimide 
• resins. 

[0103] The metallic foil, the metallic sheet, or the metallic plate nrry be made of the following metals. Specifically, 
aluminum, iron, stainless steel, cooper or the like may be used. In some cases, plating may be applied on the metal 

30 material. Wood-based plates include wood plates, plywoods, particle boards, and medium-density fiber boards called 
"MDF." Cerarrcc materials include, to' example, ceramic building materials, such as gypsum boards, calcium silicate 
boards, and wood chip cement boards, potteries or ceramic whitewares. glasses, porcelain enamels, and fired tiles. In 
addition, composites of various materials, such as a fiber-reinforced plastic plate, a laminate comprising a paper hon- 
eycomb and iron plates applied respectively onto both sides of the paper honeycomb, a polyethylene resin sandwiched 

35 between two aluminum plates, may also be used as the substrate 1 . 

[0104] The pattern 1 03 haying lower air permeability than the other portions may .bejojrmed c«\ the substrate 101 
by forming a relatively thick print of a synthetic resin composition having a high film-forming property and drying or set- 
ting the coating to form a pattern of a layer which is fprrned. of a synthetic resin, has an even thickness, has large thick- 
ness, and has only a small number of gaps or pores permeable to air. In printing by conventional gravure printing, since 

40 cell shapes of the gravure plate are reproduced; the ink is not spread to portions other th^n cells in the plate, that is. at 
bank portions. This creates gaps, and airoermeates the gap portion. In order to inhabit the > permeation of the air. printing 
should be such that the cell shapes of the plate are not reproduced. 

[0105] To this end, an ink used is selected which contains a low content of an inorganic filler having an air perme- 
ability-lowering properly and has a high resin solid content. Alternatively, an ink may be selected which is likely to 

45 spread towards the lateral direction upon transfer of the ink on the substrate 1 at the time of printing. Further, a plate 
depth is increased to increase the amount of the ink transferred, thus permitting portions corresponding to banks to be 
also covered with the ink by leveling. When the air permeability is measured with a Gurley densometer according to JIS 
P 81 1 7, conventional original papers for building materials haying an air permeability of 200 sec to less than 1 ,000 sec, 
while those having an ordinary print of a top cpating composition not having a penetration-regulating property have an 

so air permeability of .1,660 sec to 2.000 sec. Preferred inks for the formation of a pattern having lpw air permeability are 
those wherein the resin binder is a polyvinyl chloride resin, a plastisol of an acrylic resin or a urethane resin, the content 
of the resin binder based on the ink solid is 50 to 100% by weight, preferably 60 to 90% by weight, the content of the 
inorganic filler is lower than the content of the inorganic filler in the ink for the formation of other patterns and is 0.1% 
by weight to 30% by weight, preferably 1 to 10% by weight, based on the ink solid, and the viscosity is 10 to 5000 cps, 

55 preferably 100 to 1,000 cps. Among them, an ink using a plastisol of a polyvinyl chloride resin is suitable because the 
solid content can.be increased and ? in addition, at the time of the formation of the surface protective layer using a syn- 
thetic resin composition or an ionizing radiation-curable resin composition, the penetration of the composition is not sig- 
nificant. 
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[0106] Preferred inks for printing of a woodgrain pattern including a vessel pattern are such that the binder is nitro- 
cellulose, a blend of acrylic resin with nitrocellulose, urethane, acrylic resin, or polyvinyl chloride resin, the content of 
the resin'binder based on the ink solid is 50 to 95% by weight.'preferably 60 to 90% by weight, the content of the inor- 
ganic filler is 0.1% to 50% by weight, preferably 1 to 30% by weight, based on the ink solid, and the viscosity is 10 to 

5 1 ,000 cps, preferably 50 to 3C0cps. 

[01 07] The depth of the plate in the formation of a pattern having low air permeability by gravure printing is gener- 
ally 20 to 100 urn, preferably 40 to 60 *im f and the number of lines is 100 to 20 lines/in., preferably 54 to 40 lines/in. 
[0108] Incidentally, in the case of a plate in the printing of a woodgrain pattern including a vessel pattern, the depth 
of the plate is 20 to 100 ^m, preferably 40 to 60 *im, and the number of lines in the plate is 100 to 20 lines/in., preferably 

10 54 to 40 lines/in. In the preferred plate depth range and the preferred range of number of lines, the amount of the ink 
transferred is larger than that in the case of conventional printing in books. Therefore, as described above, upon the 
coating of the synthetic resin composition or trie ionizing radiation-curable resin composition, the effect of reducing an 
apparent layer thickness can also be attained as a result of the penetration of the synthetic resin composition into the 
portion of the woodgrain pattern including the vessel pattern. 

15 [01 09] In order to impart a feeling of recesses to the vessei pattern, it is more preferred to bring the vessel portion 
to a more matted state than the other portions and, in adoption, to provide a thick resin layer, in portions other than the 
vessels, so that protrusions of the portions other than the vessels can be visuaiiy distinguished. Resins usable for this 
purpose are those, among the above resins, which are less likely to be collapsed upon application of pressure and are 
excellent in processability such as adhesion. In view of ihe above, an ink is recommended which is produced by bring- 

20 ing a plastisol of a polyvinyl chloride resin to an ink and has a high resin solid content. Further, the combined use of a 
crosslinking agent, such as trimethyiolpropane triacrylate, can cause crosslinking within the formed layer which can 
improve the properties of the layer. 

[0110] After the provision of the pattern 103 including the vessel pattern 102 corresponding to woodgrain vessels 
on the substrate 101 and the pattern 4, with lower air permeability, covering portions other than portions on the vessel 

25 pattern 2 in the pattern 3, a synthetic resin composition is coated on thewhole surface including the pattern 103 and 
the pattern 104 to provide a protective layer 1 05: As described above, when the portion of the pattern 1 03 is compared 
with the portion of the pattern 104, the portion of the pattern 104 has lower air permeability, or the portion of the pattern 
104 is denser. Therefore, upon coating, the synthetic resin composition does not permeate the portion of the pattern 
104 or does not substantially permeate the portion of the pattern 104. As a result, upon drying or setting, a layer having 

30 a smooth surface is formed on the portion of the pattern 104. On the other hand, in the portion of the vessei pattern 
102. as described above, the reproduction of the cell shapek of the plate in the printing and/or the presence of a large 
amount of the filler permit the synthetic resin composition, used in the formation of the surface protective layer, to pen- 
etrate into the underlying layer. As a resurt. the surface state 'is not smooth and, as compared with the pattern 104 hav- 
ing lower air permeability, is in a highly matte state. This provides an appearance of recesses corresponding to the 

35 vessel pattern 102. 

[01 1 1 ] In the formation of the protective layer 1 05, as described above, a synthetic resin composition is coated by 
a conventional coating method, for example, roll coating: As a rule, in the synthetic resin compositiori, among plastics 
constituting films or sheets described above as the material for the substrate 1 , those, which can be dissolved or dis- 
persed in water or an organic solvent to prepare an ink composition, can be used. Even in the case of resins which can- 

40 not be dissolved or dispersed in water or an organic soivent. lor example, in the case of a polyethylene resin, this resin 
can be heated to form a mert which is then extruded through a T-die to perform lamination simultaneously with film for- 
mation, thereby forming a protective iayer 105. Even in this case, that is, even in the case of heat melting of the resin 
followed by application, the surface state of the underlying layer affects the surface state of the protective iayer 1 05, and 
a smooth face is formed in portions on the pattern 104 having lower air permeability, while a layer having a surface with 

45 concaves and convexes along the surface form of the underlying vessei pattern 1 02 is formed in the other portions, thus 
providing an appearance of recesses corresponding to the vessel pattern 102. In providing the surface protective layer 
by using the T-die, if possible, evacuation from the substrate side can accelerate the effect. 

[0112] In the formation of the protective iayer, a thermosetting resin composition using a thermosetting resin or an 
ionizing radiation-curable resin composition may be used instead of the conventional synthetic resin composition. In this 
case, after coating, heating or ionizing radiation irradiation to cause curing through crosslinking can further improve 
physical and chemical various properties of the outermost surface. In recent years, this type of decorative materials 
have become applied to f ields wherein meiamine decorative plates have hitherto been used. Therefore, in many cases, 
surface durability, particularly abrasion resistance, comparable to that of meiamine decorative materials is required. For 
this reason, attention has been drawn to a method wherein an ionizing radiation-curable resin composition is coated to 
55 form a coating which is then exposed to an ionizing radiation to cure through crossiinking. The ionizing radiation-curable 
resin composition may' comprise a suitable mixture of prepolyrners. oligomers and/or monomers having a polymerizabie 
unsaturated bond(s) or an epoxy group(s) in the moiecule thereof. The ierm "ionizing radiation" used herein refers to 
electromagnetic radiations or charged particle beams which have energy quanta capable of polymerizing or crosslink- 
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ing molecules, and generally refers to, for example, ultraviolet light or electron beam. 

[01 1 3] Examples of prepplynjjBrs ard, ; ohgomefs ,usc£>le -in the ionizing radiation-curable resin composition include; 
unsaturated polyesters, such as condensates of unsaturated dicartx^xylic acids with polyhydric alcohols; methacrylates, 
such as polyester methacrylates*;^ and melamine methacrylates; acr- 

5 ylates, such as polyester acrylates, epoxy acrylates, urethane acrylates, polyether acrylates, poiyol acrylates. and 
melamine acrylates; and cationically^ 

[0114] Examples of monorp^rs^usabje in the ionizing radiatipn^ur^able resin, composition include styrene mono- 
mers, such as styrene and a-nietfy ^srriethyl. acrylate, 2-ethylhexyl acrylate, methoxyethyl 
acrylate, butoxyethyl acryjate, butyl actuate, r^ acrylate, methacrylic esters, such as 

io methyl methacrylate, ethyl methacr^ate^' propyl methiacrylate, methoxyethylrhethacr^late, ethoxymethy! methacrylate, 
phenyl methacrylate, and iauryi methacrylate, substituted aniino alcohol esftejs of unsaturated substituted acids, such 
as 2-(N,N-diethylamino)ethyl aerate. l-fN,N^ acrylate, and 

2-(N,N-diethylamino)propyl acryla^ f u^ r^nethacrylamide. 
compounds, such as ethylene glycol diacrylate, propylene glycol diacr^te, n^pp^ntyl glycol diacrylate. i ,6-hexanediol 

75 diacrylate. and triethylene glycol diacrylate, ppjyfunctipnaLc^rr^ 9lycp( diapry late, ethylene 

glycol diacrylate, propylene glycol dimethacrylgte, and.i^ drnethacrylat^, and/or poiythiol compounds 

having two or more thiol groups »n a molecule th$r^^ trimethylolpro- 
pane trithiopropylate, and pentaerythritol tetrathic^jycaDL _ s .... . . r ; iVi . .. 

[0115] In general in the ionizing radiation-curable, resin cor^bs^po, Jpr trie monomer, the above compounds may 
20 be, if necessary, used alone or as a mixture of two or more, .^dwever, in orjd^r tp import coatajDility pf\an ordinary level 
to the ionizing radiation-curable resin composition, preferably, the. ionizing com-, 
prises not less than 5% by weight of the prepolymer or oligomer and not more than 95% by, weight of #ie monomer 
and/or poiythiol compound. ^ . . . . , . y , . ir : L \ ,]- f ~ .[ J, 

[0116] When flexibility is required of a cured product of ^hj^jojiizing radiation-curable Tesjacom^^ 
25 ing, the amount of the monomer may be reduced, or alternately g mor]bfu^iQnal or d*rfu}ictibnal acrylate monomer 
may be used. On the other hand, when abrasion resistance v .r^iiVcefjstance |i solvent, resist^ce and. other prppert 
are required of the cured .product of the. ipnizing radjatipnrcurabte (e^n cqrnpbsitipn aiftpr coating, a jtri- or higher; func- 
tional acrylate monomer may be used. Thus, the ionizing radiationrcurable resin compositipn can be designed accord- 
ing to need. Examples of the monbfunctional acryla*e monogier include ?-h^drpxy. acrylate," 2-hexy! acrylate, and 
30 phenoxyethyl acrylate. Examples of the Afunctional monomer include ethylene glycol diacrylate and 1.6-hexaned : ol 
diacrylate, and examples of the tri- or higher functional acrylate monomer include trimethylolpropane triacylate, pen- 
taerythritol triacrylate, pentaerythritol tetraacrylate= and dipentaerythritol hexaacrylate. 

[0117] Further, in order to regulate properties, such as flexibility and surface hardness, of the cured product of the 
ionizing radiation-curable resin composition after coating, an ionizing radiation non-curing resin may be added to the 
35 ionizing radiation-curable resin composition^ Specific examples of ionizing radiation non-curing resins include thermo- 
plastic resins, such as poiyurethane, ceflulosic. polyvinyl butyral, polyester, acrylic, polyvinyl chloride, and polyvinyl ace* 
tate resins. Among them, poiyurethane. cejigjosic, c*nd polyvinyl butyral resins are preferred from the viewpoint of 
improving the f lexibjlity. ' ' ' . t 

[0118] 1 When the ionizing radiation-curable te&nTcb^ costing iscur^^y,^ a pho- 

40 topolymerizatipn initiator pr a?phbtp^lyrperi?atfpn accelerator i$ added. Ih the case pf a ce§in ; ?y§t^m having^ radical 
polymerizable unsaturajed group, ^etopjienbnes, ^reophenones, thiroair^^ and 
the like'r^ay be used alone or as a mixture, of twqor more as the photb^lymeri^o^jniti§^^q the other hand, in the 
case of a resin system having a cationically polymerizable functional group,. aromatic diaz^jurn.saljts, aromatic sulfo- 
nium salts, aromatic iodonium salts, metallocene compounds, benzoinsuHbnic esters and th$ Jikerriay be used alone or 

45 as a mixture of two or more as the photopolymerization initiator. The amount of the photopolyrnerization jniitiator added 
is 0.1 to 10 parts by weight based on 100 parts by weight of the ionizing radiation-curable resin composition. 
[0119] In order to improve the abrasion resistance of the protective layer in its surface, spherical, particles, which 
are preferably inorganic and have higher hardness than the resin cured by crpsslinking,.areJncQrporated into the pro- 
tective layer. The addition of spherical particle? having high hardness can realize further_streng^b.ening of the surface. 

so The spherical particles may not be necessarily truly spherical, and particles having a smooth surface suffice for con- 
templated results! The function pj the spherical particles is such that a part thereof is.prgtrudgd from the surface of the 
protective jayer to receive the external force causgtiye of the abrasion by the surface of the. spherical particles and the 
spherical particles per se are gradually abraded to prevent the abrasion of the underlying laver Spherical particles usa- 
ble herein include a-alumin^, silica, chromium oxide, iron oxide, diamond, and graphit^. Arnphg them, spherical a-alu- 

55 minas ^spheriqal alumihjp "AS-10" and ;AS : 50 W , manufactured by Showa.QenkoX^ from the 

viewpoWpf high hardness jancJ easy ay&ilability of spherical particles. Trie average ^iam^er jpf ttie spherical particles 
is preferalbfy 5 to 100 M/n : In using the Inprganic spherical partidesin the Rrbtectjye lay^r* . preferably, the spherical par- 
ticles are previously treated with a silane coupling agent or the like from the viewpoint 'of enhancing the adhesion 
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thereof in the resin constituting the protective layer. 
Second aspect of invention 

[0120] It is known that "cissing" of the top coat is utilized to form concaves which are utilized, for example, in the 
formation of concaves in woodgrain vessel grooves or the like of the decorative material. 

[0121] In the field of decorative materials, there have been various grades ranging from decorative plates, using a 
thermosetting resin and having excellent properties, such as melamine decorative plates, lo relatively simple decorative 
materials, such as tissue papers on which a print or a coating has been provided. In these decorative materials, the right 
decorative material has been used in the right application. In recent years, however, from the viewpoint of increasing 
the efficiency of the production process of the decorative plates, attention has been drawn to decorative plates which 
can be produced through a simpler process. 

[0122] For example, a melamine decorative piate is produced by providing several types of materials, putting them 
on top of each other or one another, and hot pressing Ihe assembly under high temperature and high pressure condi- 
tions. In the case of coated papers (paper having a top coaf formed by printing a resin having excellent properties), heat 
or pressure required ih the application onto plywoods or the like is considerably lower as compared with that required 
in the melamine decorative plates. Further, the larriination speed is higher. Thus, trie production efficiency is high. In 
recent yearsi the appearance of decorative sheets, having excellent properties, wherein the top coat ih the conventional 
coated paper has been formed from an ionizing radiation-curable resin 6orrposiition t have led to a tendency such that, 
in many cases,' coated papers are usbd as an alternative to thermosetting resin decorative plates of a melamine resin 
or the like. . . ^ 

[0123] In forming coVicave^ utilizing "cissing," a pattern is previously formed, on ihe substrate, using a material 
which, in a later stage, can repel the coating composition for the outermost layer, and the coating composition is then 
coated thereoh:lri this c&se, the boating composition is repelled from the pattern portion. From before the use of ioniz- 
ing radiation-curable resin compositions, this has been carried out by using coating compositions using various thermo- 
plastic re^ns'or heat-curable resins. 

[0124] Ift recent years, an increase in frequency of use of the ionizing Tadiation-curable resin composition has lead 
to an attempt to substitute a top coat using an ionizing radiation-curable resin composition for the top coat in the con- 
ventional decorative sheet utilizing "cissing" of the cbating cortposition. It is known that, principally, concaves can be 
formed by the same phenomenon as in the prior art. 5 

[0125] In the coating of the ionizing radiation-curable resin composition followed by satisfactory cissing, the use of 
a coating composition having low viscosity, which upon cissing is likely to flow, is desired. When the viscosity is low, 
however, the coating composition is likely to permeate the substrate, such as paper; This reduces the thickness of the 
surface coating. As a result, concaves having satisfactory depth are not formed, or otherwise, the state of the surface 
of the substrate affects the surface of the coating, unfavorably making it dffiicuK to form a coating having high surface 
gloss. Further, when the coating thickness is small, a deterioration in" properties of the decorative sheet in its surface is 
unavoidable. 

[0126] An attempt to avb'id these various drawbacks Uirough an enhancement in viscosity results in lowered fluidity 
of the ionizing radiation-curable resin composition. Therefore, in this case, even though the coating composition is suc- 
cessfully repelled on f rorri the repellent pattern, the flow of the coating composition is unsatisfactory for the formation of 
concaves. AS a result; sharp concaves cannot be formed. 

[0127] that is, the requirement for the compositibn for satisfactorily ensuring the coating thickness is contradictory 
to the requirement for the compositiorrfoi the formation of sharp concaves. 

[0128] A test on properties of the surface shows that, in the edge of concaves formed as a result of cissing of the 
coating corrposrtion (= vicinity of boundary between bottom of concave and wall of concave), the solvent resistance and 
the resistance to staining are deteriorated. 

[0129] For this reason, an attempt to previously form a layer using a urethane-based two-component curable resin 
before the formation of a coating composition-repellent pattern has been made. However, printing on the formed ure- 
thane resin layer and the adhesion of the coating are unsatisfactory, posing a practical problem. 
[01 30] Thus, according to the second aspect of the present invention, there is provided a method wherein, in order 
to satisfactorily form concaves, an ionizing radiation-curable resin composition having low viscosity is used. and. at the 
same time, a drawback caused by excessive penetration of the low-viscosity ionizing radiation-curable resin composi- 
tion into the substrate can be eliminated. 

[0131] Various materials have been studied with a view to solving the above problem. As a result, rt has been found 
that, prior to the formation of a pattern capable of repelling the coating of the overiying ionizing radiation-curable resin 
composition, the formation of a coating capable of inhibiting the penetration of the ionizing radiation-curable resin com- 
position into the substrate over the whole surface can solve the above problem. 

[0132] Thus, the decorative materia! according to the second aspect of the present invention comprises: a sub- 
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strate penetrable with an ionizing radiation-curable resin composition; a penetration-inhibiting coating, provided on the 
substrate, formed of a material capable of inhibiting the penetration of the ionizing radiation-curable resin composition; 
a cissing pattern provided on the penetration-inhibiting coating, for repelling the ionizing radiation-curable resin compo- 
sition; and a top coat provided on the penetration-inhibiting coating including the cissing pattern, the top coat being 
5 formed of an ionizing radiation-cured resin composition, concaves being defined by the top coat, the concaves having 
been formed as a result of cissing of the ionizing radiation-curable resin composition from on the cissing pattern in the 
course of the formation of the top coat from the ionizing radiation-curable resin composition. 

[0133] Preferably, the penetration-inhibiting coating has been formed from a composition composed mainly of an 
oil-resistant resin. The oil-resistant resin is preferably selected from the group consisting of a polyvinylbutyral resin, a 
10 polyvinyl alcohol resin, an acrylic resin, and a mixture of at least one of the resins with a thermosetting resin. Further, 
preferably, the oil-resistant resjn comprises a thermosetting resin and an ionizing radiation-curable prepolymer, oli- 
gomer, or monomer. 

[0134] According to other preferred embodiment of the present invention, the top coat contains spherical particles. 
In this case, the diameter of the spherical particles is preferably 30 to 200% of to^ 

75 [0135] According to anpther preferred ernbbdirnent of the present invention, the penetration-inhibiting coating func- 
tions also as a stress-relaxing layer for relaxing, shrinkage stress caused at the time of curing of the ionizing radiation- 
curable resin for the formation pf pe Ionizing radiaiipn-cured resin constituting the top coat. Particularly preferably, the 
penetration-inhibiting coating has^a yi^ld strength pf not less than O.&kgf, more preferably 0.6 to 3.0 kgf, and a breaking 
strength pf not less than 1 .6 Kgf, more preferably Ho to 4.0 kgf. The yiekl strength and the breaking strength are meas- 

20 ured in such a manner that two biaxially stretched polyethylene terephthaiate film strips having a thickness of 50 \xm 
and a width of 1 0 mm are laminated on top of the other through a 3 pm-thick primer layer so as for the end of one of the 
strips to overlap with the $nd of theuother strip by 10 mm and, in this state, the two biaxially stretched polyethylene 
terephthaiate film strips are p^lfed : at .a iemperature of 70°C in opposite directions. 

[0136] Further, according to the present invention, preferably, concaves consistent with the cissing pattern are pro- 
25 vided to impart a feeling of concaves and cpnvexes consistent with the pattern, 

[0137] Decorative materials according to the present invention are shown in Figs. 4 to 6.,A!I the decorative materials; 
shown in Figs. 4 to 6 have a woodgrain pattern. The decorative material according to the present invention, however, is 
not limited to those : havirig a wopdgr^in pattern.. 

[0138] The idecorative i material 'a^ the. present invention will be described with reference to Fig. 4. 

30 Numeral 31 designates a substrate which is penetrable with an ionizing radiation-curable resin composition. Numeral 
32 is an even colored layer which, in th&fiekj of printing, is called "solid print layer." This print layer is colored with a 
color of highlight portion jn a wpodgrain pattern. Numeral 33 designates a woodgrain design which renders a shading 
pattern of woodgrains in portions left after removal of the hilight and the vessei groove pattern from the woodgrain pat- 
tern. In this. case, the term "woodgrain pattern" used herein refers to a pattern in such : a state that a color coating, which 

35 is commonly determined depending upon the type of trees, has-been provided, Exceptionally, a woodgrain in the state 
of an unpainted wood is sometimes" used. .Sue woodgrains are also embraced in the present invention. The layer 33 
is represented by a parallel oblique line portion and a portion not having the parallel oblique line. Because the layer 33 
is generally formed by printing, this is to indicate the presence of a thick ink coating portion and a thin ink coating portion 
or a portion free from any coating. - ,,".-77 * 

40 [0139] , Numeral 34 designates a penetration-inhibiting coating capable of inhibiting the penetration of an ionizing 
radiation-curable resin composition. Numeral 35 designates a cured product of an ionizing radiation-curable resin com- 
position coating. This cured product defines concave? formed as a result of cissing of the ionizing radiation-curable 
resin composition from on a cissing pattern 36, capable of repelling the ionizing radiation-curable resin composition, at 
the time of the formation of the cured product , 

45 [0140]. Figs. 5 and 6 shows other embodiments of the. present invention, in Fig. 5, the penetration -inhibiting coating 
34 is provided between the even colored layer 32 and the woodgrain design 33. On the other ..hand, in Fig, 6, the pen- 
etration-inhibiting coating 34 is provided between the substrate 1 and the even colored layer 32. The penetration-inhib- 
iting coating 34 may be provided at any position, so far, as the coating ^34. is; located between the substrate and the 
cissing pattern 36. The reason for. this is that the layer 33 is usually very thin and, in some cases, contains a pigment, 

so permitting the ionizing radiation-curable resin composition, to penetrate into the layer 33. r . ^ . 

[0141] The substrate 31 may haye np orjow penetrability with the ionizing radiation-c|jrabtetVesin composition. In 
consideration of the subject matter of the present invention, however, substrates penetrable with i the ionizing radiation* 
curable resin composition are mainly used. Roughly, not only various papers, nonwoven fabrics or woven fabrics, but 
also plastic films or plastic sheets, which<,when they are porous or contain a large amount of a filler, can be impregnated 

55 with the ionizing radiation-curable^resin cornpp^ition, are usable. Further, fiber-reinforced .piratic, b^rds and the like can 
be also impregnated' with the liquid resin composition, and ihus can be used. Wood-based substrates can be impreg- 
nated with the ionizing radiation-curable resin composition and , thus qgn be used, .and. .^n^les thereof include wood 
plates, plywoods,,partide boards, ar^ medium-density fiber boards called "MDF." In additipo.lpomposrtes of the mate- 
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rials belonging to the same group, such as composites between papers, and composites between materials belonging 
to different groups described above may also be used. Furthermore, for example, steel wools formed by bringing a 
metal into a fiber may also be used. 

[0142] Typical exanples of papers usable herein include tissue papers, kraft papers, and titanium papers. Resin- 
impregnated papers, wherein a resin has been previously impregnated from the viewpoint of increasing paper strength, 
can be impregnated and thus can be used. Other exanples of papers usable herein include linter papers, paperboards, 
and original papers for gypsum boards, A group of original papers extensively used in the field of building materials, 
such as original materials for vinyi wall papers wherein a vinyl chloride resin layer having a high filler content has been 
provided on the surface of papers, may also be used. Additional examples thereof include papers for use in office works 
or conventional printing or packaging, such as coated papers, art papers, vegetable parchments, glassine papers, 
parchment papers, paraffin-waxed papers, and Japanese papers. Further, woven fabrics or nonwoven fabrics of various 
fibers having appearance and properties close to papers may also be utilized as the substrate for the decorative mate- 
rial although they are different from the above papers. The various fibers referred to herein include: inorganic ftoers, 
such as glass fibers, asbestos fibers, potassium titanate fibers, alumina fbers, silica fibers, and carbon fibers; and syn- 
thetic fibers, such as polyester fibers and vinylon fibers. 

[01 43] Various plastic films, which are porous or contain a large amount of a filler, or plastics constituting the plastic 
sheet may be used, and specific examples thereof ihciude films or sheets of the following various synthetic resins. Var- 
ious synthetic resins include polyethylene resins, polypropylene resins, polyethylene resins, polymethylpentene res- 
ins, polyvinyl chloride resins, polyvinyl idene chloride resins, polyvinyl alcohol resins, vinyl chloride-vinyl acetate 
copolymer resins, ethylehe-vinyl acetate copolymer resins, ethylehe-vinyl alcohol copolymer resins, polyethylene 
terephthalate resins, polybutylene terephthalate resins, polyethylene" naphthalate-isophthalate copolymer resins, 
polymethyl methacryiate resins, polyethyl methacrylate resins, polybutyl acrylate resins, polyamide resins typified by 
nylon 6 or nylon 66, cellulose triacetate resins, cellophanes, polystyrene resins, polycarbonate resins, polyallylate res- 
ins, and polyimide resins. 

[0144] The even colored layer 32, the woodgrain design 33, and the cissing pattern 36 are generally formed by 

printing. In this case, although any printing method may be used, gravure printing is preferred for the reason that the 

range of selection of the binder resin in the ink is broad and the amount of the inkttansferred is preferably large because 

the penetrable substrate is generally porous. However, other printing methods may also be used. 

[0145] The ink for printing the even colored layer 32 and the woodgrain design 33 preferably has some penetrability 

into the substrate from the viewpoint of reinforcing the substrate. Further, the ink desirably has affinity to such an extent 

that, at the time of the formation of the penetration-inhibiting coating or of coating ot the ionizing radiation-curable resin 

composition, has adhesion although the ink neither flows as a result of dissolution nor bleeds. 

[0146] For example, cellulosic resins, such as ethylcellulose, nitrocellulose, cellulose acetate, and ceilulose acetate 

buryrate are suitable as a binder. 

[0147] Further, a thermosetting poiyurethane resin ink may be used. 

[0148] Since the cissing pattern 36 is located at the uppermost position; the ink for the formation of the cissing pat- 
tern 36 should have adhesion to the underlying layer and, at the same time, Should be a tough layer. 
[0149] For example, an aminoalkyd resin or a thermosetting urethane resin is suitable as a binder for an ink com- 
position for forming a cissing pattern 36, 

[0150] Alternatively, an ink, for a cissing pattern, containing an ionizing radiation-curable resin composition may be 
used to form a cissing pattern 36. 

[0151] Further, a material for repelling the ionizing radiation-curable resin composition coated on the cissing pat- 
tern, such as a silicone resin, a f luororesin, or a wax. may be added, followed by milling to prepare an ink composition 
which is then used in the formation of the cissing pattern 36. 

[0152] As described above in connection with Figs. 4 to 6, there is a possibility that the penetration-inhibiting coat- 
ing 34 capable of inhibiting the penetration of the ionizing radiation-curable resin composition is formed in various posi- 
tions. Therefore, the penetration-inhibiting coating 34 should have adhesion to all the substrate, the even colored layer 
32, the woodgrain design 33. and the cissing pattern 36. and should, of course, also have adhesion to the ionizing radi- 
ation-curable resin composition. However, the formation of a coating having porosity large enough to permit penetration 
of the ionizing radiation-curable resin composition is not always required. Further, at the time of the coating of the ion- 
izing radiation-curable resin composition, the penetration-inhibiting coating should not be dissolved except for the dis- 
solution of a very small part thereof. . L w 
[01 53] From these viewpoints, the binder for the coating composition for the formation of the penetration-inhibiting 
coating is preferably a binder which is soluble in an alcohol and water and has relatively high polarity, and specific exam- 
ple of suitable binders include polyvinyl butyral resin, polyvinyl alcohol resin, and various acrylic resins. 
[0154] Acrylic resins usable herein include methyl methacrylate. methyl acrylate. ethyl acrylate, n-butyl acrylate, 
isobutyi acrylate, t-butyl acrylate. and 2-ethylhexyl acrylate which are generally used. Other acrylic resins may also be 
used. 
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[0155] Thermosetting resin?, such as polyurethane resins, may be added to the polyvinyl butyral resin, the polyvinyl 
alcohol resin, or the various acrylic resins. 

[0156] A mixture of a thermosetting resin, such as a polyurethane resin, with an ionizing radiation-curable.prepolyr 
mer, oligomer, or monomer may be used as binder for the cpating composition for the penetration-inhfoiting coating. 

s A preferred example thereof is a mixture of a thermosetting component comprising a polyol of an acrylic polyol or a pol- 
yester polyol and an isocyanate, such as a hexamethylene diisccyanate, with an ionizing radiation-curable prepolymer 
or oligomer, such as an unsaturated polyester. The ionizing radiation-curable prepolyrner, oligomer, or monomer may 
be the same as those used in a coating of the ionizing radiation-curable resin composition described below. 
[0157] The coating composition, for the penetration-inhibiting coating, using these resins may be coated by gravure 

io printing, roll coating or the like. When the coating thickness is excessively large, the penetration-inhibiting coating per 
se is not very tough although the penetration-inhibiting effect is attained. Therefore, the binder is preferably minimized 
from the viewpoint of preventing the deterioration in properties of the ionizing radiation-cured resin composition coating. 
The coating thickness is preferably about 1 to 5 jirri on a dry basis although the thickness may vary depending upon the 
penetrability of the substrate with the ionizing radiation-curable resin compositi^ 

75 [0158] The ionizing radiation-curable resin composition to be coated on the outermost layer may be any conven- 
tional one, and may comprise a suitable mixture of prepolymers, oligomers and/or monomers having a polymerizable 
unsaturated bond(s) or an epoxy groijp(s) in the molecule thereof. The term "ionizing radiation" used herein refers to 
electromagnetic radiations or charged particle beams which have energy quanta capable of polymerizing or crosslink- 
ing molecules, and generally refers to, for example, ultraviolet light or electron beam. 

20 [0159] Examples of prepolymers and oligomers usable in the ionizing radiation-curable resin composition include: 
unsaturated polyesters, such as condensates of unsaturated I dicarboxylic acids with polyhydric alcohols; methacrylates, 
such as polyester methacrylates. pbiyether methacrylates, polypi methacrylates. and melamine methacrylates; acr- 
ylates, such as polyester achates, epoxy aery |ates, urethane acrylates, polyether acrylates. polyol acrylates, and 
melamine acrylates; and cationically pblymeriziable epoxy compounds^ 

25 [0160] Examples of monomers usable in the ionizing radiation-curable resin composition include styrene mono- 
mers, such as styrene and ct-methylstyr^ne,. acrylic esters, such as rnetrjyl acrylate, 2-ethylhexyl acrylate, methpxyethyl 
acrylate! butoxyethyl acrylate. butyl acrylate, methbxybuty! acrylate. ahd phenyl acrylate. methacrylic esters, suph as 
methyl methacrylate, ethyl methacr^ate, propyl methacrylate, methoxyethyi methacrylate, ^thoxymethyl methajcrylate. 
phenyl methacrylate, and iaury l methacrylate, substitiited ami ho alcohol esters of unsaturated substituted acids, such 

30 as 2-(N,Ni-aiethylamino)ethyi acrylate, 2-(N,N-dimethylaniino)emyl acry/ate! 2-(N,N-dibenzylam1no)methyl acrylate, and 
2-(N,N-diethylamino)propyl acrylate, unsaturated barboxylic add amides, such as acrylatmide and methaaylamide, 
compounds, such as ethylene glycol diacrylate, propylene glycol diacrylate, neopentyl glycol diacrylate, 1 .6-hexanediol 
diacrylate, and triethylenes glycol diiacrylate, polyfunctional compounds, such as dipropylene glyep! diacrylate, ethylene 
glycol diacrylate, propylene glycol dimethacrylate, arid diethylene glycol dimethacryiate. and/or polythiol compounds 

35 having two or more thiol groups in a molecule thereof, for example, trimethylolpropane? trithioglycblat^, trimethylolpro- 
pane trithiopropylate, and pentaerythritol tetrathioglycolate/ 

[0161] in general, in the ionizing radiatibn : ajrable resin composition, for the monomer, the above compounds may 
be, if necessary, used alone or as a mixture! of twb or mori! However, in order to impart coatabijrty on an ordinary level 
to the ionizing radiation-curable resin cbrnposition, preferably, the ionizing radiation-curable resin composition com- 
40 prises not less than 5% by weight of the prepolymer or oligomer and not more than 95^ by weight of the monomer 
and/or polythiol compound. 

[0162] When flexibility is required of a cured product of the ionizing rad r iation-curab|f resin composition after coat- 
ing, the amount of the monomer may be reduced, or alternatively a monofuhctibnal or Afunctional acrylate monomer 
may be used. On the other hand, when abrasion resistance, heat resistance, and solvent resistance are required of the 
45 cured product of the ionizing radiation-curable resin composition after coating, a tri- or higher functional acrylate mon- 
omer may be used. Thus, the ionizing radiation-curable resin composition can be? designed according to need. Exam- 
ples of tne monofunctional acrylate monomer include 2-hydroxy acrylate, 2-hexyl acrylate, and phenoxyethyl acrylate. 
Examples of the difunctional monomer include ethylene glycol diacrylate and 1 ,6-hexanediol diacrylate, and examples 
of the tri- or higher functional acrylate monomer include trimethylolpropane triacrylate, pentaerythrrtpi triacrylate, pen- 
so taerythritol tetraacrylate, and dipentaerythritol hexaacrylate. 

[0163] Further, in order to regulate properties, such as flexibility and surface hardness, of the cured product of the 
ionizing radiation-curable resin composition after coating, an ionizing radiation non-curing resin may be added to the 
ionizing radiation-curable resin composition. Specific examples of ionizing radiation non-curabie resins include thermo- 
plastic resins, such as polyurethane, cellulosic. polyvinyl butyral, polyester, acrylic, polyvinyl chloride, and polyvinyl ace- 
55 tate resins. Among them, polyurethane. cellulosic. and polyvinyl butyral resins are preferred from the viewpoint of 
improving the flexibility. 

[0164] When the ionizing radiation-curable resin composition upon coating is cured by ultraviolet irradiation, a pho- 
topolyrrierization initiator or a photopolymerization accelerator is added. In the case of a resin system having a radical 
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polymerizable unsaturated group, acetcphenones, benzophenones, thioxanthones, benzoin, benzoin methyl ether and 
the like may be used alone or as a mixture of two or more as the photopoiymerization initiator. On the other hand, in the 
case of a resin system having a cationically polymerizable functional group, aromatic diazonium salts, aromatic sulfo- 
nium salts, aromatic iodonium salts, metallocene compounds, berizoinsulfonic esters and the like maybe used alone or 

5 as a mixture of two or more as the photopoiymerization initiator. The amount of the photopoiymerization initiator added 
is 0.1 to 10 parts by weight based on 100 parts by weight of the ionizing radiation-curable resin composition. 
[0165] In order to improve the abrasion resistance of the outermost surface, spherical particles, which are prefera- 
bly inorganic and have higher hardness than the resin cured by crosslinking, are incorporatied into the ionizing radiation- 
curable resin composition. The addition of spherical particles having high hardness can realize further strengthening of 

10 the surface. The spherical particles may not be necessarily truly spherical, and particles having a smooth surface suf- 
fice for contemplated results. The function of the spherical particles is such that a part thereof is protruded from the sur- 
face of the protective layer to receive the external force causative of the abrasion by the surface of the spherical 
particles and the spherical particles per se are gradually abraded to prevent the abrasion of the underlying layer. Spher- 
ical particles usable herein include a-alumina, silica, chromium oxide, iron oxide, diamond, and graphite. Among them, 

15 spherical a-aluminas (spherical alumina "AS-IO" to "AS-50", manufactured by Showa Denko K.K.) are recommended 
from the viewpoint of high hardness and easy availability 61 spherical particles. The average diameter of the spherical 
particles is preferably 5 to 100 ^m, more preferably 3 to 50 pm. The particle diameter is preferably 30 to 200% of the 
coating thickness from the viewpoint of the abrasion resistance. In using the inorganic spherical particles in the surface 
protective layer, preferably, the spherical particles are previously treated with a silane coupling agent or the like from the 

20 viewpoint of enhancing the adhesion thereof in the resin constituting the surface protective layer. 

Third aspect of invention 

[0166] A conventional decorative sheet is such that, after the formation of a conventional design print layer on a 
25 paper substrate, such as a tissue paper, a top layer of a crosslinked resin is formed from an ionizing radiation-curable 
resin, a thermosetting resin or the like. 

[0167] When a matte top layer of the crosslinked resin in the decorative sheet is contemplated, the slipperiness is 
unfavorably deteriorated because a matting agent having a larger particle diameter than the resan layer thickness is 
used and, in addition, the amount of the matting agent added is large. This poses problems including that scratches 
30 occur in spite of good surface properties at the time of processing of the laminated decorative plates, the decorative 
plate cannot be carried while sliding, and an attempt to forcibly carry the decorative plate causes the roughness of the 
surface to scratch the urethane-coated paper on the backside of the decorative plate. 

[0168] The third aspect of the present invention can solve the problems of the prior art, and provides a decorative 
sheet which has improved slipperiness while enjoying good matting effect 
35 [0169] The decorative material according to this aspect of the present invention comprises: a paper substrate; and, 
provided on the paper substrate, at least a print layer, a sealer layer, and a top layer Of a crdssiinked f esin, the top layer 
of the crosslinked resin being regulated to a coefficient of dynamic friction of 0.3 to 0.6 in the gloss (75 degrees) range 
of 1 0 to 50. The print layer may comprise a colored solid print layer and/or a pattern layer. 

[0170] Fig. 7 is a diagram snowing the layer construction of the decorative sheet according to the present invention: 
40 As shown in the drawing, the decorative sheet is produced by forming a print layer 72 (in this embodiment, a colored 
solid print layer 73 and a design layer 74} on a paper substrate 71, fa ming a sealer layer 75 so as to cover the print 
layer 72, and forming a top layer 76 of a crosslinked resm. As described above, this decorative sheet has been regu- 
lated to a coefficient of dynamic friction of 0.3 to 0.6 when the gloss (75 degrees) of the top layer 76 of the crosslinked 
resin is in the range of 10 to 50. 
45 [0171] The gloss is known, and, according to the present invention, is measured with a w 75-degree gloss meter. n 
manufactured by Gardner. The coefficient of dynamic friction is also known, and, according to the present invention, is 
measured Willi Slip/Peel Tester SP-102C-3M90, manufactured by IMASS. 

[01 72] According to the decorative sheet having the above construction, the provision of the sealer layer underlying 
the top layer of the crosslinked resin enables satisfactory matting effect io be attained by the mere addition of a small . 

so amount of a matting agent having a small particle diameter to the top layer of the crosslinked resin. Further, in a good 
surface gloss state, that is. in the gloss (75 degrees) range of 1b to 50, the coefficient of dynamic friction could have 
been brought to not more than 0:6. This can maintain the surface having good abrasion resistance and good slipperi- 
ness. When the coefficient of dynamic friction is not more than 0.3, there is a fear that, upon stacking of decorative 
plates on top of one another, the decorative plates are excessively slid and dropped. For this reason, the coefficient of 

55 dynamic friction has been regulated to 0.3 to 0.6. 

[0173] Paper substrates usable herein include base papers for decorative papers, such as tissue papers, resin- 
blended papers, and titanium papers. 

[0174] The print layer may comprise a colored solid print layer and/or a design layer. 
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[0175] Crosslinkable resins usable for the formation of the Jop layer of the^crosslinked resin include resins com- 
monly used as crosslinkable renins for cpnvenfo^ such as ionizing radiation-curable resins and 
thermosetting resins (including . ^j^s^ Among them, ionizing 
radiation-curable resins ff^Jt^aj^^jfff^ ^ Q^i^^f^^\jty A &^ } in.adcjftioa properties of the resin, such as 

5 softness and hardness... can ^>e ^ily^r^fatedVln tHe^^-rcrpsslinHabl.e .resins,, spherical particles are dispersed in 
uncrosslinked resins, and the djspersion is then .coat^^tpjiow^ by curingthrough crosslinking toform a coating. In the 
crosslinkable resins, the higher the crosslinking density, the bjBttec th^ abr^sipn resistance. In jhjs case, however, the 
softness is lowered Therefore, preferably, the crosslinking dehsrty^of the crossjinked resin is suitably selected depend- 
ing upon abrasion resistance and^ftness required, for example, in the applications of depprative Sheets while taking 

70 imo consideration the t)pe of the ^ : ... : . . . : . .>. v 

10176] The ionizinj r^dation-^ used as the crc«slinkabl%fesio rpay conprise a suitable mixture of pre- 

polymers, oligomers and/orvmonprners having a polymerizable unsaturated bond($) or an epoxy group(s) in the mole- 
cule thereof. The term "ionizing ra^ radiations or charged particle beams 
which have energy qu^ta : capable of pplymerizing or crosslinking molecuifs.^n^, generally refers to, for. example, ultra- 

15 violet light or electron beam." \, ^ :> > - , (> ,. . ; Wi ~ • 

[0177] Examples of prepolym^ pplyesters, such as condensates of unsatu- 

rated dicarnoxylic ackte with t f[g|^ such as polyester methacrylates, polyether methacr- 

ylates, po'yol methacrylates, and.melamine me^ acrylates, epoxy acrylates, 

urethane acrylates, polyether acrylates. polyoi.apr.ylajes. and melamine acrylates; and cationically polymerizable epoxy 

20 compounds. ?=. t ■ - ■.;:>:;*: 

[0178] Examples of monomers include styrene monomers, such as styrene and a-methylstyrene. acrylic esters, 
such as methyl acrylate, 2-ethylhexyl acrylate. methoxyethyl acrylate, butoxyethyl acrylate. butyl acrylate, methoxybutyl 
acrylate, and phenyl acrylate, methacrylic esters, such as methyl methacrylate, ethyl methacrylate, propyl methacr- 
ylate, methoxyethyl methacrylate, ethwymethvi methacrylate, phenyl methacrylate, and lauryl m^hacnyjat^, substi- 

25 tuted amino alcohol esters of unsaturated- syb^ij^ed ^idft such as 2 : (N,N-diethylamino) ethyl acrylate. 5-<N.N- 
diethylamino)ethyl methacrylate. 2-(N.N<Jibenzylamino) methyl acrylate. and 2-(N,N<liethylamino)propy! acrylate, 
unsaturated carboxylic acid abides,, such as ac^Marpide and j^ethacr^lamide, compounds., such as, ethylene glycol dia- 
crylate.. propylene glycol diacrylate, .neopj^ro^ t,^Thexanec|iol.diacrylate # and triethyleae glycol diacr- 

ylate, pplyfunctional compounds,, such ais dipropylene glycpl di^ylate.-ethyien^ glycoJ diacrylate. propylene glycol 

30 dimethaicrylate. and diethyiene glycol dimethaqrylate, and/or ^ polythioLcompounds naving^twa or more thiol groups in a 
molecule thereof, for example* trimeth^ trimethylolpropane trithiopropylate. and pentaerythri- 

tol tetrathioglycol. 

[0179] In general, for the monomer, the above ppmpounds niay be, if necessary, used alone or as a mixture of two 
or more. However, in order to impart coatability on an ordinary le/el to the ionizing radiation-curable resin, preferably, 
35 the ionizing radiation-curable resin comprises not less thafn 5% by weight of the prepolymer or oligomer and not more 
than 95% by weight of the.n^pnomer and/or.polythioi comppund. 

[0180] When flexibility is required of a cured product pf the ionizing radiation-curaWe resin after coating, the amount 
of the monomer may be reduced, or alternatively a monpfuqpfional ordifunctional acrylate monomer may be used. On 
the other hand, when. abrasion resjstahpe, heat resjstance.-and solvent resistance are required of the cured product of 

40 the ioniziqg radiation-curable resin after coating, a til- or higher iunctional acryjate^ monomer may be used. Thus, the 
ionizing/adiation-cyrable resin can be.designed according to need. Exarnples of th^ nionpfunctional acrylate monomer 
include^-hydroxy acrylate, 2-hexyJ acrylate. phenoxyethyl acrylate, and 1 j5-bexanediol diaprylate. and exarnples. of the . 
tri- or h^Vier functional acrylate monomer include trimethylolpropane triacnyiate, pentaerythritpl triacrylate, pentaeryth- 
ritol tetraacrylate, and dipentaerythritoi hexaacrylate. 

*s [0181] ,,. ..Further, in order to regulate properties, such as flexibility and surface hardness, of the cured product of the 
ionizing radiation-djrabje resin after coating, an ionizing radiation non-curable resin may be added to.the ioniizing radi- 
ation-curable resin. Specific examples of ionizing radiation non-curable resins include thermoplastic. resins, such as 
polyurethane, cellulpsic, polyvinyl butyral. polyester, acinic, polyvinyl chloride, and polyvinyl acetate resins. Among 
them, polyurethane, T cel|ulosic, and polyvinyl' butyrjaJ resin$ are preferred frpm thei ^viewpoint pf inproying the flexibility; 

so [0182] Wh$n the- ionizing radiation-curable resin upon coating is cured by ultraviplet irradiajtipa a pbptopoiymeriza- 
tion initiator or a photopolymerization accelerator is added. In the case of a nesin having a ra^qaljpojymerizable unsatu- 
rated gi;oup, acetophenones. b^nzophenones, thioxanthon^, benzoin, benzoin methyl ether/and the like may be used 
alone or as a mixture of two or more as the photopolymerization initiator. On the other hand^ in the case of a resin sys- 
tem hayingja cationically pplymerizable functional group. arojnatic diazonium §alts. arom^tic suKonium salts, aromatic 

55 iodonium salts! metailocene compounds, benzoinsulfonic esters and the like may be 'used glpne or as a mixture of two 
or more as the photopolymerization initiator. The amount of the photopolymerization initiatpr added is 0.1 to 10 parts 
by weight based on 100 parts by weight 6i the ionizing radiation-curable resin. .,. . 

[0183] Specific examples of thermosetting resins usable ?s the crosslinkable, resin include phenolic, resin, urea 
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resin, dialiyl phthalate resin, melamine resin, guanamine resin, unsaturated polyester resin, polyurethane resin (includ- 
ing two-component system polyurethane), epoxy resin, aminoalkyd resin, melamine-urea co-condensed resin, silicone 
resin, ar id poiysiioxane resin. It necessary, curing agents, such as crosslinking agents and polymerization initiators, and 
polymerization accelerators may be added to the resin. Regarding the curing agent! an ispcyanate or a salt of an 
organic sulfonic acid is generally used for unsaturated polyester resins and polyurethane resins; amines are generally 
used for epoxy resins; and peroxides, such as methyl ethyl ketone peroxide, and radical initiators, such as azoisobuty- 
ronitrile, are generally used for unsaturated polyesters and the like. 

[0184] The isocyanate may be an aliphatic or aromatic di-or higher functional isocyanate with an aliphatic isocy- 
anate being preferred from the viewpoint of thermal discoloration resistance and weathering resistance. Specific isocy- 
anates usable herein include coiyiene diisocyanate, xylylene diisocyanate, 4,4*<Jiphenylmeth£*ne diisocyanate, 
hexanemethylene diisocyanate, and lysine diisocyanate. 

[0185] An example of the two-componeni polyurethane is a mixture of a first liquid comprising a polyol compound 
having in its molecule two or more hydroxyi groups on the average and a second liquid comprising a polyisocyanate 
compound, the mixing ratio being such that the equivalent ratio of hydroxyi group to isocyanate group is 0.7 to 1 .5. 
[0186] An examples of the epoxy resin is a mixture of an epoxy resin having in its molecule two or more epoxy 
groups on the average and a mono- or polyamine having, in one molecule, three or more active hydrogen atoms reac- 
tive with epoxy groups, the ratio of the epoxy equivalent of the epoxy resin to the active hydrogen equivalent of the 
mono- or polyamine being 0.7 to 1.5. 

[0187] The sealer layer provided between the print layer and the top layer may be formed of any conventional syn- 
thetic resin. Preferred synthetic resins usable herein include acryiic resin, butyral resin, and urethane resin. When an 
ionizing radiation-curable resin is used for the formation of the top layer of a crosslinked resin, the use of a butyral 
resin/urethane resin is preferred from the viewpoints of adhesion and properties. 

[0188] If necessary, the sealer layer contains a matting agent. Conventional inorganic or organic fillers may be used 
as the matting agent, and examples thereof include: inorganic particles, such as particles of silica, alumina and silicone 
resins; and powders or beads of organic materials, such as phenolic resin and polyethyiene. In particular, silica having 
a particle diameter of 1 to 10 um is preferred because excellent dispersion stability of ink and properties are provided. 
[0189] According to a preferred embodiment of the present invention, the sealer layer functions also as a stress- 
relaxing layer for relaxing shrinkage stress caused at the time of curing of the ionizing radiation-curable resin for the for- 
mation of the ionizing radiation-cured resin constituting the top coat. Particularly preferably, the penetration-inhibiting 
coating has a yield strength of not less than 0.6 kgf, more preferably 0.6 to 3.0 kgf, and a breaking strength of not less 
than 1 .0 kgf, more preferably 1 .0 to 4.0 kgf. The yield strength and the breaking strength are measured in such a man- 
ner that two biaxially stretched polyethylene terephthaiate film strips having a thickness of 50 urn and a width of 10 mm 
are laminated on top of the other through a 3 ynvthick primer layer so as for the end of one of the strips to overlap with 
the end of the other strip by 10 mm and. in this state, the two biaxially stretched polyetr^lene t^^hthalate film strips 
are pulled at a temperature of 70°Ciri opposite directions. ^ "* - V 

Fourth aspect of invention / 

[01 90] In decorative sheets for use in places wherein water is used, in general, coated papers using papers having 
good water permeability and coated papers using papers having high water resistance have been used as paper sub- 
strates. Since, however, these coated papers generally having a thickness of not less than 80 iim, the handieability is 
poor. Further, these coated papers have poor adhesion to the substrate, as well as to prinking inks. 
[0191] According to the fourth aspect of the present invention, there is provided a decorative material which has 
good water resistance without sacrificing particularly the adhesion to the substrate and to the printing ink. 
[01 92] Specifically, the decorative material according to the fourth aspect of the present invention comprises: a sub- 
strate formed of paper; a first sealer layer provided oh the substrate; a print layer provided on the first sealer layer; a 
second sealer layer provided on the print layer; a top coat provided on the second sealer layer, the top coat comprising 
a crosslinked resin, the total thickness of the layers being not more than 50 jam. 

[0193] According to a preferred embodiment of the present invention, the decorative material has a moisture per- 
meability after 24 hrof not more than 600 g/m 2 as measured according to the cup method specified in J IS. 
[0194] According to a further preferred embodiment of the present invention, the top coat comprises an ionizing 
radiation-cured resin. According to another preferred embodiment of the present invention, the top coat contains a 
water-repellent material. 

[0195] According to a further preferred embodiment of the present invention, the top coat contains a hydrophobic 
silica. 

[01 96] According to a further preferred embodiment of the present invention, the first sealer layer and/or the second 
sealer layer are formed of a crosslinked resin. 

[01 97] Fig. 8 shows the lay£r construction of the decorative sheet according to this aspect of the present invention. 


22 


fc <EP 1038666A1_I_> 


EP 1 038 665 A1 


The decorative sheet shown in the drawing may be produced by forming a lower sealer layer 82 on a paper substrate 
1 , forming a print layer 83 (in this embodiment, .a colored solid orint layer 83a and a design layer 83b) on the sealer layer 
82, forming an upper sealer layer 84 sp as tQ coyer the print layer 83, and then forming a top layer 85 of a crosslinked 
resin. In this layer construction, the Ipw^r s^aijBr ky&M to s ©a' P a P er substrate 1 . while the upper sealer 

5 layer 84 functions to smoothen the tppilaye* 8$ of the ^.ccql^in^x^in. TTiis decorative sheet has a moisture permea- 
bility after 24 hr of not more than QQd > j^j^as m method specified in JIS. 
[0198] The paper substrate has good water permeability. Specifically, base papers for decorative sheets, having a 
basts weight of about 20 to 50 g/r^ suchas tissu^papers, Kraft papers, linter papers, wood free papers, and Japanese 
papers, may be used. * : . ....... ; . 

w [01 99] The print layer may (OTrripri^e any one of the cdpred solid print l^yerand the design layer, or alternatively, as 
shown in Fig. 8, may comprise both the coiored solid print layer arid the d^si^n layer. 

[0200] Crosslinkable renins, unable for. the formation of the top lay^Jnclude resins commonly used as crosslinkable 
resins for conventional d^ra^ye"i^ten^ls l: $uch.as ionizing radiatipr^ural^ resins and thermosetting resins (includ- 
ing cold setting resins ar^ twp^n^nerit reaqtipn-curable resins). Among thehrj* ionising radiation^purable resins have 

75 high curing speed and gc^ wpfl^birrty! andV in addition, properties of, the resin, sijch as softness and hardness, can 
be easily regulated. In , these (CTp^linHablf resins, spheriral pkrUcle^ are dispersed in uncrosslinked resins, and the dis- 
persion is then coated, ijirougb^ form a coating, tp the crosslinkable resins, the higher, 
the crosslink! ng density ttebetter the abrasion resistance: In this case," however, the softness is lowered. Therefore, 
preferably, the crosslinking densHy of thp. crosslink^ rg^in ^.suitably selected depending upon abrasion resistance and 

20 softness required, for example,' jn the^ while taking into consideration the type of the 

substrate and the like, ' r • '■■ \\ .:o. L . . : 

[0201 ] The ionizing radiation-curable resin. u ( sed as Jhe crosslinkable resin may comprise a suitable mixture of pre^ 
polymers, oligomers and/pr monpmer%.haying a r^iymerizabie unsaturated bond(s) or an epoxy group(s) in the mole- 
cule thereof, the term ^ionizing i ra^'iaticinf: usfd" h^riei n refers to electromagnetic radiations or qharge^ particjle beams 
25 which have energy quanta cabbie p/pplyrnerizjng or crpsslirikipg modules, and generally refers to ultrayip|% light or 
electron beam. .. ... f .. • v -/ v .■ . 

[0202] ' Examples of pr'eppTymere and oligomers include; ur^tuj?rted polyester^, such as condensates of unsatu- 
rated dicar^xylic aci^s with polyhydric alcohols; methacrylates, such as polyester methacryjates, pojyether methacr- 
ylates, polypi . r^e^agryjaf^; and melamine methaprylates; acrylates, such . as polyester acrylates, epoxy acrylates, 
30 urethane acfylates, PolyethW acryiates, polyol acrylates, and melamine acrylates; and cationically polymerizable epoxy 
compounds. 

[0203] Examples of monomers include styrene monomers, such as styrene and a-methytstyrene, acrylic esters, 
such as methyl acrylate. 2-ethylhexyl acrylate. methoxyethyl acrylate, butoxyethyl acrylate, butyl acrylate, methoxybutyl 
acrylate, and phenyl acrylate, methacrylic esters, such as methyl methacrylate ethyl methacrylate, propyl methacr- 

35 ylate, methoxyethyl methacrylate, ethoxymethyl methacryiate, phenyl methacrylate. and lauryi : methacrylate, substi- 
tuted amino alcohol esters of unsaturated substituted acids, such as 2-(N,N-diethylamino)ethyl acrylate, 2-(N,N- 
diethylamino)ethyl methacrylate, 2-(N,N-dibenzylamino) methyl acrylate, and 2-(N,N-diethylamino)propyl acrylate, 
unsaturated carboxylic acid amides, such as acrylamide and methacrylamide, compounds, such as ethylene glycol dia- 
crylate, propylene glycol diacrylate, neo^entyl glycol di^cryi^te^ 1 ,6-^exanediql dia^crylate, and triethylene glycol diacr- 

40 ylate, polyfunctiohal com^iinds,, such as dip/opyl.ene glycol di^oyjate, ethylene, glyopl cliacryjaie^ propylene glycol 
dimethabrylate, and Methylene glycol dimethacrylafe/ ar^or pblythiol cxirnppur^ or njore thiol grpups in a 

molecule dierSbt for example, trimethylolpropane frithioglycQlate, trimetr^lpiprpp^rie ^ithioprppyj^te, and pentaerythri- 
tol tetrathioglycol. . .. - 4 , ; , » 

[0204] In gehWra!, for the monomer, the above compounds may be, jf necessary^ usedalone>r as a mixture of two 

45 or more.. However, in order to impart portability on an ordinary level to the ionizing 'radiation-curable resip, preferably, 
the ionizing radiation-curable resin comprises not less than 5% by weight pf the prepolymer or oligomer and not more 
than 99% by weiighiof the monomer and/or polythiol compound. 

[0205] When flexibility is required of a cured product of the ionizing radiation-curable resin, after coating, the amount 
of the monomer may be reduced, or alternatively a mpnofunctional or difunctibn^ acrylate monomer may be used. On 

so the other hand", when abrasibn resistance, heat resistance, and solvent resistance arie required of the cured product of 
the ionizing radiation-curable resin aft? ^coating; a tri- or higher functional acryjate^ monp be used. Thus, the 

ionizing^^iatioh^uVablaresin can be (designed according to need. Examples of the rnonpfiinctiqnal acrylate monomer 
include '2-hydroxy acryfate, 2-hexyl acrylate, phenoxyethyl acrylate, and 1 ,6-hexanediol diiacryiate. and examples of the 
tri- or higher functipnal acrylate monomer include trimethylolpropane triacrylate, pentaerythritpl triacryiate. pentaeryth- 

55 ritol tetraacryiate. and dipentaerythritol hexaacrylate. 

[0206] Further, in order to regulate properties, such as f lexibility and surfaqe harxlness. of the cured product of the 
ionizing Yadiation-curable ' r^sin after coiating, an ionizing radiation noh-curable resin.may ^e added to the ionizing radi- 
ation-curable resin. Specific examples of ionizing radiation non-curable resins include thermoplastic resins, such as 
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polyurethane, cellulosic, polyvinyl butyral, polyester, acrylic, polyvinyl chloride, and polyvinyl acetate resins. Among 
them, polyurethane, cellulosic, and polyvinyl butyral resins are preferred from the viewpoint of improving trie flexibility. 
[0207] When the ionizing radiation-curable resin upon coating is cured by ultraviolet irradiation, a photopolymeriza- 
tion initiator or a photopolymerization accelerator is added. 1n the case of a resin having a radicai! poiymerizable unsatu- 

5 rated group, acetophenones, benzophenones, thioxanthones, benzoin, benzoin methyl ether and the like may be used 
alone or as a mixture of two or more as the photopolymerization initiator. On the other hand, in the case of a resin sys- 
tem having a cationically poiymerizable functional group, aromatic diazonium salts, aromatic sulfonium salts, aromatic 
iodonium salts, metallocene compounds, benzoinsulfonic esters and the like may be used alone or as a mixture of two 
or more as the photopolymerization initiator. The amount of the photopolymerization initiator added is 0.1 to 10 parts 

io by weight based on 100 parts by weight of the ionizing radiation-curable resin. 

[0208] Specific examples of thermosetting- resins usable as the crcsslinkable resin include phenolic resin, urea 
resin, diallyl phthalate resin, melamine resin, guanamine resin, unsaturated polyester resin, polyurethane resin (includ- 
ing two-component system polyurethane), epoxy resin, aminoalkyd resin, melamineurea co-condensed resin, silicone 
resin, and polysiloxane resin. If necessary, curing agents, such as crpsslinking agents and polymerization initiators, and 

is polymerization accelerators may be added to the resin. Regarding the curing agent, an isocyanate or a salt of an 
organic sulfonic acid is generally used for unsaturated polyester resins and polyurethane resins; amines are generally 
used for epoxy resins; and peroxides, such as methyl ethyl ketone peroxide, and radical initiators, such as azoisobuty- 
ronitrile, are generally used for unsaturated polyesters and the like. 

[0209] The isocyanate may be an aliphatic or aromatic di-or higher functional isocyanate with an aliphatic isocy- 
anate being preferred from the viewpoint of thermal discoloration resistance and weather resistance. Specific isocy- 
anates usable herein include tolylene diisocyanate, xylyiene diisocyanate, 4,4'-diphenylrhethane diisocyanate. 
hexanemethylene diisocyanate, and lysine diisocyanate. 

[0210] An example of the two-component polyurethane is a mixture of a first liquid comprising a pdyo! compound 
having in its molecule two or more hydroxyl groups on the average and a second liquid comprising a polyisocyanate 

25 compound, the mixing ratio being such that the equivalent ratio of liydroxyl group to isocyanate group is 0.7 to 1 .5. 
[0211] An examples of the epoxy resin is a mixture of an epoxy resifi having in its molecule two or more epoxy 
groups on the average and a mono- or polyamine having, in one molecule, three or more active hydrogen atoms reac- 
tive with epoxy groups, the ratio of the epoxy equivalent of the epoxy resin to the active hydrogen equivalent of the 
mono- or polyamine being 0.7 to 1 .5. 

30 [021 2] If necessary, the top layer of the crosslinked resin may contain a watsr-repeilent material from the viewpoint 
of improving the water resistance. Any conventional water-repeiient material may be used, and preferred examples 
thereof include silicon, fluorine, aliphatic hydrocarbon and other compound. 

[021 3] Further, if necessary, the top layer of the crosslinked resin may contain Hydrophobic silica from the viewpoint 
of improving the water resistance. The hydrophobic silica refers te a silica which has been surface treated with an inor- 
35 ganic or organic material. Fundamentally, in the hydrophobic silica, -OH groups on the surface of silica have been 
brought to hydrophobic groups. 

[021 4] The sealer layer may be formed from any conventional thermoplastic resin or crosslinkable resin. A urethane 
resin comprising a polyol and an isocyanate is preferred from the viewpoints of the adhesion to paper substrate, the 
rigidity and elasticity of the resin, and curling of the paper substrate. 

40 [0215] According to other preferred embodiment of the present invention, the first sealer layer and/or the second 
sealer layer function also as a stress-relaxing layer for relaxing shrinkage stress caused at the time of curing of the ion- 
izing radiation-curable resin for the tarnation of the ionizing radiation-cured resin constituting the top coat. Particularly 
preferably, the penetration-inhibiting coating has a yield strength of not less than 0.6 kgf. more preferably 0.6 to 3.0 kgf. 
and a breaking strength of not less than 1.0 kgf, more preferably 1.0 to 4.0 kgf. The yield strength and the breaking 

45 strength are measured in such a manner that two biaxially stretched polyethylene terephthalate film strips having a 
thickness of 50 urn and a width of 10 mm are laminated on top of the other through a 3 um-thick primer layer so as for 
the end of one of the strips to overlap with the end of the other strip by 10 mm and, in this state, the two biaxially 
stretched polyethylene terephthalate film strips are pulled at a temperature of 70°C in opposite directions. 

so EXAMPLES 
Example A1 

[021 6] An impregnated paper GF601 manufactured by Kbhjin Co., Ltd. was provided as a base paper for a decora- 
55 five paper which is a decorative sheet common to examples and comparative examples. A woodgraih print was pro- 
vided using an ink for a pattern (HAT ink. manufactured by The Inctec Inc.) at a coverage of 5 g/m 2 on one side of the 
base paper by gravure printing. 

[021 7] An acrylic resin (CFF primer, manufactured by Showa Ink Ind. Co., Ltd.) was coated at a coverage of 2 g/m 2 
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by gravure printing on the print layer to form a prirner layer. Next, an electron beam-curable resin, which is a high 
crosslinking (average molecular weigW : bjetween : CTOssIinte; 150) ionizing radiation-curable resin and has the following 
composition, was coated by gravure, reverse coating at a coverage of 20 g/m 2 , followed by electron beam irradiation 
under conditions of acceleration yQl^b 7S,ky and 5 Mcatf to prepare a decorative sheet. 


10 


15 


(Electron, beam-icurable resin layer) 

' Bifurictional acrylate nrohomer 

40 pts.wt. 

Trif unctf opal acrylate. monomer 

60 pts.wt. 

SHicone acryfate 

1pt.wt. 

Silica 

20 pts.wt. 


Comparative Example A1 


"J • : . ' 


[021 8] A decorative sheet was prepared in the, ^memannet as.in ErampJe A1., except that the electron beam-cur- 
20 able resin layer was coated without the formation of. the pri met layer. For the electron beam-cure^ resin layer, the aver- 
age molecular weight between cro?slinte was 

Comparative Example A^ ,. v,:, ,-..'.>• -•^■:«. -c ■ -v : ■' - v z -! : v : . * •/>.- . ■ 

25 [0219] After the formation of the primer . > J8ye^ v .^n v }bni^if^ . ip^J|o|r^curabl9 resin -(average-molecular, weight 
between crosslinks: 800) was used to.prepare a decqrativ^ sheets , 


30 


35 


(Electron beanvcurable resin layer) 4 

Urethane acryfate oligomer ^ 
Bffunctional acrylate monomer , 
Tr'rfunciiorisT acryfate monomer 
Silicone acryfate 
Silica 

50 pts.wt. 
30 pts.wt. 
20 pts.wt. 

1 ptwt. 
20 pts.wt. 


40 Comparative Example A3 . Tl -.v .;■ * t -,. 

[0220] ...... A decorative sheetwas prepared in i the same manner as in Example A,1, except that the electron beam-cur- 
able resin, iayer was qoated without the formation of the primer layer. For the electron beam-cured resin layer* the aver- 
age molecular weight betweep crossjinks was 800. 


45 


50 


Exa,mpleA2 ........ -> :t 

[0221] * A blend of a butyral resin with a urethane resin (Bv Primer, manufactured by Showa Ink lixi Co.. Lid.) was 
coated at a coverage of 2 g/m 2 by gravure printing on a print layer provided on a base paper to form a primer layer. In 
this under coat, the blending ratio of the butyral resin to the urethane resin was regulated to 1 : 1. Next, an electron 
beam-curable resin, which is a high crosslinking (average molecular weight between crosslinks 150) ionizing radiation- 
curable resin and has the same composition as described in Example A1, was coated and irradiated in the same man- 
ner as in Example A1 . Thus, a decorative sheet was prepared. 


55 Comparative E xample A4 r ,/^ ... 

[0222] A decorative sheet was prepared in the same manner as in Example A2, except that the average molecular 
weight between crosslinks was 800. 
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[0223] For the decorative sheets prepared in Examples A1 and A2 and Comparative Examples A1 to A4 t a cross- 
cut Cello-Tape adhesion test was carried out to evaluate the adhesion, and a test on resistance to staining was carried 
out according to JIS K 6902 to evaluate resistance to staining. 

[0224] In the cross-cut Cello-Tape adhesion test, the surface of the decorative sheet was cut with a cutter at inter- 
5 vals of 2 mm to form cross-cuts of 1 0 divisions in each of lengthwise and widthwise directions, and a pressure-sensitive 
adhesive tape was applied onto and then separated from the surface of the decorative sheet. The application of the 
pressure-sensitive adhesive tape followed by the separation was repeated three times wherein, in each time, a fresh 
pressure-sensitive adhesive tape was used. Thereafter, the number of squares, wherein the coating remained unre- 
moved, was counted. 

10 [0225] In the test on resistance to staining, twc test pieces having a suitable size were cut off from a decorative 
plate with a decorative sheet applied thereonto. A staining material (shoe polish was used here) was deposited on each 
facing, and the test pieces were allowed to stand for 24 hr. in this case, one of the test pieces was covered with a watch 
glass, while the other test piece was kept without any cover. Thereafter, these test pieces were washed with water, fur- 
ther washed with methyl alcohol or ethyl alcohol, wipied with dried clean gauze, and then allowed to stand for one hr. 
For these test pieces, a change in facing from the.fecing before the test was visually inspected. The results are shown 
in Table A1 . 
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[0226] Among the properties of the primer layer, the yield strength and the breaking strength are values obtained 
by measurement in such a manner that two biaxially stretched polyethylene terephthalate film strips having a thickness 
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of 50 urn and a width of 1 0 mm were laminated on top of the other through a 3 ^m-thick primer layer so as for the end 
of one of the strips to overlap with the end of the other strip by 10 mm and, in this state, the two biaxially stretched pol- 
yethylene terephthalate film strips are pulled at a temperature of 70°C in opposite directions. 

[0227] As is apparent from Table A1 , when the ionizing radiation-cured resin layer has an average molecular weight 
5 between crosslinks of 150, no staining occurred in the test on resistance to staining, whereas when the ionizing radia- 
tion-cured resin layer has an average molecular weight between crosslinks of 800, staining occurred in the test on 
resistance to staining. Further, it should be noted that, in Comparative Example A1 wherein no under coat was pro- 
vided. 20% of the squares (80/100) was separated in the Cello-Tape adhesion test, although the average molecular 
weight between crosslinks was 150. This demonstrates that the properties of the primer layer contribute greatly to 
10 improved adhesion. 

[0228] As is apparent from the foregoing description, according to the decorative material of the present invention, 
the provision of a primer layer for relaxing shrinkage caused at the time of curing of an ionizing radiation-curable resin 
in the formation of a protective layer can realize the formation of a protective layer which has a high average molecular 
weight between crosslinks, possesses excellent resistance to staining, and does not pose any problem of unsatisfac- 
75 tory adhesion or the like. 

Examples A3 to A7 and Comparative Examples A5 to A9 

[0229] Decorative materials were prepared in the same manner as in Example A1 , except that only the primer layer 
20 was changed. The decorative materials thus obtained were evaluated in the same manner as described above. For the 
primer layers, the chemical constitution, properties, and evaluation results of the primer layer are shown below. The ten- 
sile test of the primer layer was carried out in the same manner as described above. 
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[0230] Compositions for the formation of the primer layers were as follows. 
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Example A3: Microsilica/butyral-urethane/mixecl solvent = 1/9.5-9.5/80 

Example A4: Microsilica/urethane-polyester/arrti-settling agent/mixed solvent ■ 7.7/12-12/0.3/68 
Example A5: Microsilica/urethane-polyester/anti-settling agent/mixed solvent = 7.7/8-16/0.3/68 
Example A6: Microsilica/urethane/anti-settling agent/mixed solvent = 2/25/0.3/72.7 
Example A7: Microsilica/acryi-urethane/anti-settling agent/mixed solvent = 3/12-12/0.1/72.9 


Table A3 



Comp.Ex.A5 

Comp.Ex.A6 

Comp.Ex.A7 

Comp.Ex.A8 

Comp.Ex.A9 

Primer layer 


Urethane system 
(2) 

Acryl/chlorinated 
vinyl acetate sys- 
tem = 1/1 

Nitrocellulose sys- 
tem 

Aery I system 

Average molecular 
weight 


35,000 

28.000/18,000 

40,000 

30,000 

Vield strength, kgf 


0.15 

0.22 

0.05 

0.32 

Breaking strength, 
kgf 


0.23 

0.40 

0.67 

0.70 

Cello-tape adhe- 
sion 

80/100 

83/100 

78/100 

88/100 

90/100 


[0231 ] Compositions for the primer layers were as follows. 

Comparative Example A6: Microsilica/urethane/mixed solvent = 2/22/76 

Comparative Example A7: Microsilica/acryl-chlorinated vinyl acetate/ mixed solvent = 1/9.8-9.8/79.4 

Comparative Example A8: Microsilica/nitrocellufose/ mixed solvent = 1/21/78 

Comparative Example A9: Microsilica/acryl/anti-settling agent/mixed solvent = 1/23/0.3/75.7 


Example B1 

[0232] A color solid print (which means even coating) layer and a woodgrain pattern layer were first formed by gra- 
vure printing using an ink composed mainly of an acrylic resin and nitrocellulose on a base paper for building materials 
(High Print 30 (basis weight 30 g/m 2 ). manufactured by Sariko Paper Manufacturing Corporation). Solid printing of a 
coating material having the following composition A was then ferried out'at'a coverage of 3 g/m 2 oh a dry basis on the 
woodgrain pattern layer. 

Composition A: 

[0233] 


Polyvinyl butyral resin 

50 pts.wt. 

Silica 

0.5 ptwt. 

Solvent 

150 pts.wt. 


[0234] Subsequently, an ink prepared by adding, to an aminoalkyd resin ink as a base ink, 5% by weight of a sili- 
cone based on 100 parts by weight of the aminoalkyd resin and milling the mixture was used to form woodgrain vessel 
grooves in registry to the woodgrain pattern layer. 

[0235] Finally, an electron beam-curable coating material having the following composition B was roll coated at a 
coverage of 7 g/m 2 , followed by electron beam irradiation by means of an electron beam irradiation device under con- 
ditions of acceleration voltage 175 kV and dose 3 Mrad to prepare a decorative material wherein tine electron beam* 
cured coating material is in a concave form on the goodgirain vessel grooves. 
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Composition B: 
[0236] 


5 



TMPTA (trimethylolpropane triacrylate) 

90 pts.wt. 


Silica 

9 pts.wt. 


Silicone acrylate 

1 pt.wt. 


Example B2 

is [0237] A decorative material was prepared in the same manner as in Example B1, except that a coating material 
having the following composition C was used instead of the coating materia! having the composition A. 

Composition C: 
20 [0238] 


Polyvinyl butyral resin 

50. pts.wt 

Acrylic polyol 

30pts.wt. 

Curing agent (isocyanate) 

5 pts.wt. 

Silica 

0.5 pt.wt. 

Solvent 

150 pts.wt. 


Example B3 ». -. t . . . *. , - ■ ".• -. r - / 

35 [0239] A decorative material was prepared in the same manner as in Example B1 , except that a coating material 
having the following composition D was used instead of the coating material having the composition A. 

r. 

Composition D: 
40 [0240] 


45 


Acrylate prepolymer 

50 pts.wt. 

Solvent 

150 pts.wt. 


Comparative Example B1 

so [0241 ] A decorative material was prepared in the same manner as in Example B1 , except that the formation of the 
solid print layer using.the coating material haying the composition A was prnitted. h .. , . 0 

Comparison of effect of Examples B1 to B3 with that of Comparative E xample B1 ., . 

55 [0242] For the decorative materials prepared in Examples Bl.to B3 and Corriparative Example B1, the average 
depth of vessel grooves in the decorative material was as' shown in the following Table Bi. As is apparent fromTable 
B1 , in the examples wherein a penetration-inhibiting coating was provided, d^ep concaves were formed, whereas in the 
comparative example wherein the penetration-inhibiting coating was not provided, the depth of the concaves was too 
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small to visually distinguish the concaves from the other portions. 


Table B1 



Depth of concaves after 
- curing of coating 

Ex.81 

5 f.irn 

Ex.B2 . 

5 jim 

Ex.B3 

5 |im 

Comp.Ex.B1 

1 urn 


Example B4 

[0243] A colored solid print layer and a pattern layer were formed by an ink using a two-component curable poly- 
urethane resin as a binder (UE two component system, manufactured by Showa Ink Ind. Co., Ltd.) on a base paper for 
building materials (GF 606 (thickness 60 ^m), manufactured by Kohjin Co., Ltd.). Solid printing of the coating material 
20 having the composition C (Table 3 W ) was carried out at a coverage of 3 g/m 2 on a dry basis on, the.pattern layer by using 
two solid plates having a depth of 54 jim. In all the above cases, gravure printing was carried out. After solid printing, 
the print was dried at 160°C for 30 sec. 

[0244] Subsequently, an ink prepared by adding, to an aminoalkyd resin ink as a base ink, 5% by weight of a sili- 
cone based on 100 parts by weight of the a rancalkyd resrn and mi-ling the Mixture (manufactured by The !nctec Inc.) 

25 was used to form a fine pattern. 

[0245] Finally, an electron beam-curable coating material having the following composition E (SE-40. manufactured 
by Sanyo Chemical Industries, Ltd.) was gravure coated at a coverage of 25 g/m 2 , followed by electron beam irradiation 
by means of an electron beam irradiation device under conditions of acceleration voltage 175 kV and dose 3 Mrad to 
prepare a decorative material wherein the electron beam-cured coating material was in a concave form on the line pat- 

30 tern print portion. 

Composition E: 
[0246] 


Bifunctional monomer (A) 

49.5 pts.wt 

Trrfuncticna! nononier (B). 

16.5 pts.wt 

Adhesion-imparting monomer (C) 

0.5 ptwt. 

Dlspsrsafit 

1.5 pts.wt 

Alumina (diameter 25 nm) 

22.0 pts.wt 

Silica (diameter 1.8 \an) 

10.0 pts.wt 


[0247] In the above composition, the bifunctional monomer (A), the trifunctidnal monomer (B), and the adhesion- 
imparting monomer (C) are as follows. 

so 
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Table B2 


(A) 

CH 2 =CH-CCX)(CH2CH2^Pe;([eH3)2 — j 

r 

■ (Uw rig O *?2J 2 V<V< S/>f d r: V? "2 

wherein P in (A) represents a phenylene group • 

(B) 

CH 3 

CH 2 CH 2 C(CH 2 OCHCH 2 OCOCH=CH) 

(C) 

CH 3 s *v «•£ v,i: A QH,.;..j-.,<- • 

| -:-•'-'>•:.->- 

OH • war 
wherein P in (C) represents phosphorus . : • 


so Comparative Example B2 

[0248] A decorative material was prepared in the same manner as in Example B4, except that alumina and silica 
were removed from the electron beam-curable coating material having the composition E. 

35 Comparative Example B3 

[0249] A decorative material was prepared in the same manner as in Example B4, except that solid printing using 
the coating material having the composition C was not carried out. 

40 Comparison of effect of Example B4 with that of Comparative Examples B2 anQ.B3 

[0250] For decorative materials prepared in Example B4 and Comparative Examples B2 and B3, the solvent resist- 
ance, the abrasion resistance, and the design effect (= state of concaves) were compared. The results are shown in 
Table B3. 

45 [0251] For the evaluation of the solvent resistance, cotton wound around a weight (1 kg) was impregnated with 
methyl ethyl ketone, and wiped the decorative material to determine the number of times of wiping required for the ink 
to be captured by the cotton. For the evaluation of the abrasion resistance." the decorative material was abraded by a 
tapered abraser (= an abrasion tester) to determine the number of times of abrasion required for 50% of the print pat- 
tern to be removed. As is apparent from Table B3, the presence of alumina and silica in the surface layer contributes to 

so the abrasion resistance. 


Table B3 



Solvent resistance 

Abrasion resistance 

Design effect 

Ex.B4 

1,000 times 

600 times 

Deep 

Comp.Ex.B2 

1,000 times 

60 times 

Deep 


33 


SDOCID: <EP 1038665A1 J_> 


EP 1 038 665 A1 


Table B3 (continued) 



Solvent resistance 

Abrasion resistance 

Design effect 

Comp.Ex.B3 

100 times 

500 times 

Somewhat shallow 


Example B5 

[0252] A colored solid print layer and a pattern iayer were formed by an ink using a two-component curable poly- 
urethane resin as a binder (UE two component system, manufactured by Showa Ink Ind. Co., Ltd.) on a tissue paper for 
10 building materials (FLEX 30. thickness 30 *im. manufactured by Sanko Paper Manufacturing Corporation). Solid print- 
ing of a coating composition comprising an unsaturated polyester resin (electron beam-curable) component and a two- 
component curable polyur ethane resin-forming component (Primer Set No. 1, manufactured by Tne Inctec Inc.) was 
then carried out at a coverage of 3 g/m 2 on a dry basis on the pattern layer by using two solid plates having a depth of 
54 ^im. 

is [0253] Subsequently, an ink prepared by adding, to an aminoalkyd resin ink as a base ink, 5% by weight of a sili- 
cone based on 100 parts by weight of the aminoalkyd resin and milling the mixture was used to form a line pattern. In 
all the above cases, gravure printing was carried out. After printing, the print was dried at 160°C for 30 sec. 
[0254] Finally, an electron beam-curable resin coating material (EB 256. manufactured by Dainichiseika Color & 
Chemicals Manufacturing. Co., Ltd,) was gravure printed at a coverage of 5 g/m 2 on a dry basis on the printed face, 

20 followed by electron beam irradiation under conditions of acceleration voltage 175 kV and dose 3 Mrad to prepare a 
decorative material wherein coating was in a concave form on the Sins pattern print portion. 


Example B$ 

25 [0255] A decorative material was prepared in the same manner as in Example B5. except that an ink using an 
acrylic resin and nitrocellulose as binders (HAT. manufactured by The Inctec Inc.) was used as the ink for the formation 
of the colored solid print layer and the pattern layer. 

Example B7 

30 • . . . 

[0256] A decorative material was prepared in the same manner as in Example B5. except that Solid printing on the 
pattern iayer was carried out using a two-cx>mponent curable coating composition composed mainly of a poiyurethane 
resin and trimethyiolpropane triacrylate. 

35 Comparative Example B4 

[0257] A decorative material was prepared in the same manner as in Example B5, except that only solid printing 
was omitted. 

40 Comparative Example B5 

[0258] A decorative material was prepared in the same manner as in Example B5. except thai the line pattern wai 
formed using an electron beam-curable ink composition. 

45 Comparative Example B6 

[0259] A decorative material was prepared in the same manner as in Example B5, except that both the solid print- 
ing and the final coating were carried out using a coating composition composed mainly of a poiyurethane resin. 

so Comparison of effect of Exam ples B5 to B7 with that of Comparative Examples B4 to B6 

[0260] For decorative materials prepared in Examples B5 to B7 and Comparative Examples B4 to B6, the adhe- 
sion, scratch resistance, solvent resistance, and design effect of the surface coating were compared. The results are 
shown in Table B4. 

55 [0261 ] For the evaluation of the adhesion of the surface coating, cross-cuts were formed on the surface of the dec- 
orative material at intervals of 2 mm with a cutter knife. Cello-Tape (manufactured by Nichiban Co.. Ltd.) was applied 
onto cross-cut formed portions, followed by a peel test three times. When the surface coating was separated, the adhe- 
sion of the surface coating was evaluated as X. while, when the surface coating was not separated, the adhesion of the 
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70 


T5 


20 


25 


surface coating was evaluated as O , . , ?# ^ 

[0262] For the evaluation of the scrateh resistance? the surface coding was covered with steel wool, and the surface 
coating was then inspected for jcrajjffi^ was evaluated as X , while, 

when there was no scratch, the:scratch.Tesistance wasevaluated as O- ^ : 

[0263] For the evaluation of the solvent tesrstancerxotton wound around a weight <1 kg) was impregnated with 
methyl ethyl ketone, and the decorative material was wiped with the above cotton to determine the number of times of 
wiping required for the ink to be captured by the cotton. 

[0264] For the design effect, when the shape of the concaves was sharp, .the design eff^ was evaluated as O ; 
when the shape of the concaves was not sharp, the design effect was evaluated as a : and, whenfassing was unsatis- 
factory, the design effeQt waaeva^ Comparative 
Example B6, wherein ^soVid pf^ %£ n| y p ? a polywrethanq; resin .was carried 

out on the pattern layjeiO^ : , - . ;f , 0 9m ~. 


Table B4 



; ^dhesjpn w 

; jScr^tch resistance ; 

v.. rv uciMv- . 

? , ? ^vert .resistance . 

r Design effect 

Ex.BS °1 


...... -.V>Vj. .--...-.jr-r 

: 5 "300 times'*" 

o \ 

Ex.B6 

< 0,p 


J r . tr 25p tpip^s... .. t . 

o . ■„ 

Ex.B7 

© ■'* ] 


i ' '300 times - ? - 


Comp.Ex.B4 

O 


100 times 

A 

Comp.Ex.B5 

o 

o 

250 times 

X 

Comp.Ex.B6 

o 

X 

100 times 
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35 


Example CI 

[0265] A colored solid print layer and a pattern layer were printed using a gravure ink comprising an acryl-nitrocel- 
lulose mixed system as a hinder (HAT, manufaptured by The^lnctec Ipc.) on a 30 jim-thick tissue paper for building mate- 
rials (FLEX 30, manufactured by Sanko Paper Manufacturing Corporation) ..Next, solid (2 p,m) printing (twice) of 54 lines 
was carried out using BUB primer (two component system) having the following composition A. manufactured by 
Showa Ink Ind. Co., Ltd. to form a sealer layer. 

(Composition A) 

[0266] 


40 Main component: butyral/acrylic polyol/silica = 10/5/1 . v?; , .. - 

Curing agent: isocyanate 

Main . component/curing agent = .100 parts/5parts : . : . ^ . : s'v^v . . 

[0267] Next, EB 256 (manufactured by Dainichiseika Color & Chemicals' Manufacturing Co., Ltd.) having the follow- 
45 ing composition B was gravure printed at a coverage of 5 g/m 2 on a dry basis on the sealer layer, followed by, electron 
beam irradiation at 3 Mrad (1 75 kV) to form a top layer on the sealer layer. Thus, a decorative sheet was prepared. 


50 


< Composition B > 
[0268] 


55 


Ionizing radiation-curable resin; Acrylate prionomer 
Matting agent: Silica {average particle dimeter 7 ^m) 
Lubricant: Silicone acrylate, silicone oil, wax 
Ionizing fadiation-CM^ble resin/matting agent/lubricant > 


100 parts/1 5.parts/10 parts. 


" Vii 


-r- *«T 
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Example C2 

[0269] A decorative sheet was prepared in the same manner as in Example C1 , except that the amount of silica in 
"EB 256" was changed to 5 parts. 

5 

Comparative Example C1 

[0270] A decorative sheet was prepared in the same manner as in Example C1 , except that the sealer layer was 
not formed. 

10 

Comparative Example C2 

[0271] A decorative sheet was prepared in the same manner as in Example Ct , except that "EB 256" was coated 
to a thickness of 10 fim. 

Comparative Example C3 

[0272] A decorative sheet was prepared in the same manner as in Example C1 , except that the average particle 
diameter of the silica in "EB 256" was changed to 12 ^m and the "EB 256" was coated to a thickness of 10 iim. 

20 

Comparative Example C4 

[0273] A decorative sheet was prepared in the same manner as Example CI, except that the average particle diam- 
eter of the silica in "EB 256" was changed to 10 urn and the "EB 256" was coated id a'thickness of 5 urn. 

25 

Comparative Example C5 

[0274] A decorative sheet was prepared in the same manner as in Example C1 , except that silica was omitted from 
"BUB primer (two component system)." 

30 ' ...... ........ 

(Results of test on properties) 

[0275] For the decorative sheets prepared in Examples C1 and C2 and Comparative Examples C1 to C5, the coef- 
ficient of dynamic friction and gloss (75 degrees) were measured, and the abrasion resistance was evaluated by a JAS 
35 special plywood C test. In this test, a soft dbfasion wheel CS1 7 was measured uhder a load of 1 ,000 g to determine the 
number of times required for the half of the pattern to be removed. The results were as shown in Table Ci. 


Table C1 : 


Sample 

Coefficient of dynamic 
friction 

Gloss, 75° 

Abrasion resistance 

Ex.C1 

0.40 

30 

1 ,000 times 

ExC2 

0.35 

50 

1,000 times ! 

CornpEx.C1 

0.80 

20 

300 times 

Comp.Ex.C2 

0.20 

80 

1,600 times i 

Comp.Ex.C3 

0.75 

30 

1,600 times 

Comp.Ex.C4 

0.90 

30 

1,000 times 

Comp.Ex.C5 

0.40 

70 

1 ,000 times 


[0276] As is apparent from Table C1 , when the gloss (75 degrees) of the top layer was in the range of 10 to 50. the 
55 abrasion resistance was also good in the case of a coefficient of dynamic friction of 0.3 to 0.6. 

[0277] As described above, according to the present invention, in the decorative sheet having a top layer of a 
crosslinked resin, the provision or a sealer layer underlying the top layer formed of a crosslinked resin, when the gloss 
(75 degr ees) of the top layer formed of a crosslinked resin was in the range of 10 to 50 while reguiating the coefficient 
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of dynamic friction in the range of 0.3 to 0.6, decorative sheets can be provided which have improved slipperiness while 
enjoying good matting. 

Example D1 

5 

[0278] A 30 nm-thick tissue paper for building materials (FLES 30, manufactured by Sanko Paper Manufacturing 
Corporation) was provided as a paper substrate. Solid printing (2 urn) (twice) of 54 screen lines were carried out using 
a primer comprising a urethane crosslinkable resin as a binder [AFS (two component system), manufactured by Showa 
Ink Ind. Co., Ltd.] on the paper substrate to form a sealer layer. Next, a colored solid print layer and a pattern layer were 

10 printed, on the sealer layer, using a gravure ink comprising a urethane crosslinkable resin as a binder [UE (two compo- 
nent system), manufacture by Showa Ink Ind. Co., Ltd.]. Solid printing (2 yim) (twice) of 54 screen lines were carried out 
using a sealer comprising a butyral urethane crosslinkable resin [FE Sealer (two component system), manufactured by 
Showa Ink Ind. Co., Ltd.] as a binder on the print layer to form a sealer layer, followed by aging at 70°C for 24 hr. Sub- 
sequently, an ink having the following composition (EB 256, manufactured by Dainichiseika Color & Chemicals Manu- 

15 facturing. Co., Ltd.) was gravure printed to a thickness of 5 jim. The assembly was then irradiated with an electron beam 
at 3 Mrad (175 kV) to form a top layer on the sealer layer. Thus, a contemplated decorative sheet was prepared. 

(Composition) 

20 [0279] 

Ionizing radiation-curable resin: Acrylate monomer 
Matting agent: Silica (average partide diameter 7 ^ m) 
Lubricant: Silicone acrylate, silico^di^wax .^ 
25 Ionizing radiation-curable resin/matting agent/lubricant =100 parts/15 parts/10 parts 

Example D2 

[0280] A contemplated decorative sheet was prepared in the same manner as in Example D1 , except that the ink 
30 for the print layer was changed. In this example, the colored solid print layer and the pattern layer were printed using a 
gravure ink comprising a nitrocellulose as a binder (SA, manufactured by Showa Ink Ind. Co., Ltd.). 

Comparative Example D1 j; . .... . - ;: -.. ;\, .-. 

35 [0281] A print layer was formed directy paper for building materials (FLEX 30, manufac- 

tured by Sanko Paper Manufacturing Corporation) without the provision of a sealer layer. In this example, a colored solid 
print layer and a pattern layer were printed using a gravure ink comprising a nitrocellulose alkyd as a binder (SA, man- 
ufactured by Showa Ink Ind. Co., Ltd.). The ink having the above composition (EB 256, manufactured by Dainichiseika 
Color & Chemicals Manufacturing. Co., Ltd.) was gravure printed to a thickness of 5 on the print layer without the 

40 provision of a sealer layer, followed by electron beam irradiation at 3 Mrad (1 75 kV) to form a top layer on the sealer 
layer. Thus, a decorative sheet was prepared. 


Comparative Example D2 

45 [0282] A decorative sheet was prepared in the same manner as in Comparative Example D1 , except that a 60 urn- 
thick impregnated tissue paper for building materials (GF 606, manufactured by Kohjin Co., Ltd.) was provided as the 
paper substrate. 

Comparative Example D3 

so ' x > ... 

[0283] A print layer was formed directly on a 30 nm-thick tissue paper for buskJing materials (FLEX 30, manufac- 
tured by Sanko Paper Manufacturing Corporation) without the provision of a sealer layer. In this example, a colored solid 
print layer and a pattern layer were printed using a gravure ink comprising a urethane crosslinkable resin as a binder 
[UE (two component system), manufacture by Showa Ink Ind. Co.. Ltd.]. As with Example D1, solid printing (2 urn) 

55 (twice) of 54 screen lines were carried out usir\g a. sealer comprising a butyral urethane.^ resin as a binder 

[FE Sealer (two component systemj, manufactured by Dainichiseika Color ft Chemicals lyianufacturing, Co., Ltd.] on the 
print layer, followed by a^p^X^Qfor £4 hr. Subsequently, an ink having the #^ei^ manufac- 
tured by Dainichiseika Coio.r &Xh^!Tirca!s Manufacturing. Co., Ltd.] wa? grayur^ cx)ated ; to a thickness of 5 \um. The 
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assembly was then irradiated with an electron beam at 3 Mrad (1 75 kV) to form a top layer on the sealer layer. Thus, a 
decorative sheet was prepared. 

Comparative Example D4 

[0284] A decorative sheet was prepared in the same manner as in Example D1, except that a sealer layer was 
formed using a primer containing 30 parts of paraffin wax added to "AFS" (two component system) manufactured by 
Showa Ink Ind. Co., Ltd.]. 

Comparative Example D$ 

[0285] A decorative sheet was prepared in the same manner as in Example D2, except that the sealer layer formed 
of FE sealer (two component system) manufactured by Dainichiseika Color & Chemicals Manufacturing. Co., Ltd. was 
not provided. 

Comparative Example D5 

[0286] A decorative sheet was prepared in the same manner as in Example D2, except that silica as the matting 
agent in "EB 256" manufactured by Dainichiseika Color & Chemicals Manufacturing. Co., Ltd. was changed to an 
untreated product. 

(Results of test on properties) 

[0287] The decorative sheets prepared in Examples D1 and D2 and Comparative Examples D1 to D6 were lami- 
nated onto a particle board (thickness 25 mm) through a urea adhesive. These laminated decorative sheets were eval- 
uated for adhesion and moisture permeability. The results are shown in Table D1 . All the decorative sheets except for 
the decorative sheet prepared in Comparative Example 02 had a totai thickness of not more than 50 urn which posed 
no problem associated with handling in terms of thickness: 


Table D1 



Adhesion 

Moisture permeability, ! 
g/m 2 

Thickness, p.m 

Ex.Dl 

O 

400 

44 

Ex.D2 

O 

500 ...... 

44 , ; 

Comp.Ex.D1 

O 

1,300 

40 

Comp.Ex.D2 

O 

800 

70 

Comp.Ex.D3 

. 0 

- 900 

42 

Comp.Ex.D4 

X 

300 

44 

Comp.Ex.D5 

07 

1.000 

42 

Comp.Ex.D6 

0 

700 

44 


[0288] For the "adhesion/ cross-cuts were formed at intervals of 2 mm by means of a cutter, and a peel test was 
carried out three times using Ceilo-Tape (manufactured by Nichiban Co., Ltd.). Q represents that separation did not 
occur, and X represents that separation occurred. The "moisture permeability" was measured by the J IS Cup method 
(40°C, 90%). It is apparent that the decorative sheets prepared in Examples D1 and D2 had a moisture permeability 
after 24 hr of not more than 600 g/m 2 as measured by the J IS Cup method, indicating that these decorative sheets sat- 
isfied a water resistance requirement for use in places where water is used. 

[0289] As is apparent from the foregoing description, the decorative sheet of the present invention comprises a 
paper substrate and. stacked on the paper substrate in the following order, at least a sealer layer, a print layer, a sealer, 
layer, and a crosslinked resin top layer and has a total thickness of not more than 50 ^m. By virtue of this construction, 
the decorative sheet of the present invention poses no problem associated with handlingln terms of thickness and. in 
addition, has good water resistance without sacrificing the adhesion of substrates 4nd the adhesion to printing inks. 
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Examples E1 and E2 

[0290] A pattern was gravure printed using a gravure ink onto a tissue paper (30 g/rn 2 ). An electron beam-curable 
resin [urethane acrylate oligomer : polyester acrylate oligomer : polyfunction^ monomer : monofunctional monomer = 

s 10 : 20 : 40 : 30 (weight ratio)] was roll coated at a coverage of 1 5 g/m 2 onto the pattern layer. The coating of the elec- 
tron beam-curable resin was then irradiated with an elep|rooJb>eam under conditions of 175 kV and 5 Mrad to cure the 
electron beam-curable resin layer^th^ E1 was pre- 

pared. The procedure used in Example E1 was repeated, except that the dose in the electron beam irradiation was 
changed to 3 Mrad. Thus, a decorative sheet of Example E2 was prepared. The decorative sheets of these examples 

w were hot laminated at 1 70°C onto a particle board with the aid of a vinyl acetate adhesive (manufactured t>y Konishi Co. , 
Ltd.). Thus, decorative materials of Examples El and E2 were prepared. For the decorative materials and the decora- 
tive sheets before the lamination in Examples E1 and E2 : the gloss was. measured wjth a, Gardner 75-degree gloss 
meter. • - *. 

[0291 ] The gloss of the decorative sheet before lamination and the gloss of the decorative material after lamination 

is in Examples E1 and E2 are shown in Table E1 . 

Comparative Example E1 

[0292] A decorative sheet and a decorative material of Comparative Example 1 were prepared in the same manner 
20 as in Example E1 , except that the dose in the electron beam irradiation was changed to 1 Mrad. The gloss of the dec- 
orative sheet before lamination and the gloss of the decorative material after lamination in Comparative Example E1 are 
shown in Table E1. ■. S: 

Comparat i ve Example E2 . --vr: *i f 

25 ' ' ; . . ■ ■ - .*cr- ; vc 

[0293] A pattern was gravure printed using a gravure ink on a tissue paper (30 g/rrr). A protective layer .was then 
formed oh the pattern layer from a two-component curable urethane (KR-94 (tradename), manufactured by The Inctec 
Inc.) to prepare a decorative sheet of Comparative Example E2. A decorative material of. Comparative Example E2 was 
prepared in the same manner as in Example E1, except that the decorative sheet of Comparative Example E2 was 
30 used. The gloss of the decorative sheet before lamination and the gloss of the decorative material after lamination in 
Comparative Example E2 are shown in Table E1 . 


Table El. 
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Type of resin 

Dose of electron beam 

Gloss before lamination 

Gloss after lamination 


Ex.E1 

Electron beam-cura- 
ble resin 

5 Mrad 

95 

93 

40 

Ex.E2 

Electron beam-cura- 
ble resin 

3 Mrad 

95 

90 | 


Comp.Ex.E1 

Electron beam-cura- 
ble resin 

. - ^ ~1 Mrad - 

-95--.:'-- 

; SO 

45 

Comp.Ex.E2 

Urethane (two compo- 
nent system) 


95 

70 


[0294] Since the maximum temperature, at which the decorative shejets according to the present invention can with- 
stand, is.170 6 C, the decorative sheets, even when exposed to heat of up to/l70°C d.uring hot lamination, do not lose 
so the surface gloss. Thus, according to the present invention, decorative sheets and derora|rye .materials having high 
design effect can be provided. . i- . i - 

Example F1 - t ^ ; 

... j . . 

55 [0295] V. A resin-impregnated paper tor inhibiting the penetration of a coating corrpojsrtiqnijor a top coat and improv- 
ing paper strength [GF 606 (basis weight 60 g), manufactured by Kphjin Co., LtgLf was p>py|ded as a sgbstrate sheet. 
A resin composed mainly of a butyral resin was coated onto the substrate sheet.to p fcrm a^ppmer layer. 
[0296] A colored solid print layer, a pattern layer, and a woodgrain vessellayer were gravure printed in that order 


39 


►DOCID: <EP. 


1038665A1_I_> 


EP 1 036 665 A1 


on the surface of the primer layer to form a woodgrain pattern, in this case, an ink, tor paper, comprising a blend of an 
acrylic resin with a nitrocellulose resin (HAT. manufactured by The Inctec Inc.) was used. Subsequently, a substantially 
transparent ink containing a plastfeol of a polyvinyl chloride resin and trimethyiolpropane triacrylate as a crosslinking 
agent (Sol 100 Medium, mahtfactured by The Inctec Inc.) was primed in portions other than the woodgrain vessels by 
5 means of a plate having a plate depth of 120 jim on the same printing machine, followed by drying and winding. There- 
after, an electron beam-curable resin coating material was roll coated onto the whole surface of the print, followed by 
electron beam irradiation to form a 25 jinvthick surface protective layer, in the decorative material thus obtained, the 
woodgrain vessel portion is matte, while portions other than the vessel portion have a smooth surface and thus is 
glossy. This provided a teefing such that the vessel portion is concave. 

10 

Example Fg 

[0297] A decorative material was prepared in the same manner as in Example F1 , except that the electron beam- 
curable resin coating material contained 20%, based on the resin component, of spherical a-alumina particles. 
is [0298] The decorative material thus obtained could withstand 600-time continuous abrasion in the abrasion resist- 
ance test. 

Example F3 

20 [0299] A resin-impregnated paper for inhibiting the penetration of a coating composition for a top coat and improv- 
ing paper strength [GF 606 (basis weight 60 g), manufactured by Kohjin Co., Ltd.] was provided as a substrate sheet. 
A resin composed mainly of a Wend of a polyester resin with a urethane resin was coated onto the substrate sheet to 
form a primer layer. 

[0300] Printing of a colored solid print layer, printing of a pattern layer, and printing of a woodgrain vessel layer were 
25 gravure printed in that order on the surface of the primer layer to form a woodgrain pattern. In this case, an ink, for 
paper, comprising a blend of an acrylic resin with a nitrocellulose resin (HAT, manufactured by The Inctec Inc.) was 
used. Subsequently, a substantially transparent ink containing a plastisoi of a polyvinyl chloride resin and trimetlrylol- 
propane triacryiate as a crosslinking agent (Sol 100 Medium, manufactured by The Inctec Inc.) was printed in portions 
other than the woodgrain vessels by means of a plate having a plate depth of 120 *im on the same printing machine. 
30 followed by drying and winding. Thereafter, an electron beam-curable resin coating material was roll coated onto the 
whole surface of the print, followed by electron beam irradiation to form a 25 jim-thick surface prptective layer. In the 
decorative material thus bbtained, the woodgrain vessel portion is matte, while portions other than the vessel portion 
have a smooth surface and thus is glossy. This provided a feeling such that the vessel portion is concave. 

35 Example F4 

[0301] A decorative material was prepared in the same manner as in Example F3, except that the electron beam- 
curable resin coating material contained 20%, based on the resin component, of sphericar a-alumina particles. 
[0302] The decorative material thus obtained could withstand 600-time continuous abrasion in the abrasion resist- 
40 ancetest 

[0303] Accoiding to the above embodiments of the present invention, printing of convexes, in the concaves and 
convexes, by means of one additional cylinder roller, which is different from the plate for the conventional pattern forma- 
tion, suffices for satisfactory results. Therefore, the printing machine is less likely to impose a restriction. Further, 
according to trie present invention, concaves are separated from convexes by merely forming a pattern having lower air 

45 permeability on the convexes. This can eliminate the difficulty encountered in registration. Further, since the conven- 
tional pattern and the convex pattern can be continuously formed, the registration also can be relatively easily done. 
Furthermore, according to the present invention, since the protective layer is continuous, the function of protecting the 
surface is satisfactory. When the protective layer is formed using an ionizing radiation-curable resin composition, the 
physical and chemical properties of the outermost surface can be improved. Further, the incorporation of spherical par- 

50 tides having high hardness typified by spherical alumina in the protective layer can offer further improved abrasion 
resistance by virtue of the action of the spherical particles. 

Claims 

55 1 . A decorative material comprising: 
a substrate; 

a print layer provided on the substrate; 
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a protective layer provided on the print layer, the protective iayetjConprising an Ionizing radiation-cured resin; 

and ; v r. •.:;;» -V : •:*• . 

a stress relaxing layer : as a primer^yef prpvid^^et^en the print -layer and the protective layer, for relaixing 
shrinkage stress caused 1 3t,tfre4irr^of^ resin for the formation of the ion- 

s izing radiation-cured. resin constituting tbe^pt^ptiye toyer u - ? r « ; ■ • 

- * • «: i!'. •>.- ;•. V' • iro::<Cw- ir: •• ■ ■ . 

2. The decorative material according to daim.1; wherein the primer layer.has a thickness of 1 to 5 

3. The decorative material according to claim 1 , wherein the ionizing radiation-cured resin has an average molecular 
10 weight between crosslinks of 1 00 to 200. 

4. The decorative material according to claim 1 , wherein the ionizing radiation-curable resin is an electron beam-cur- 
able resin. . ^ ., ...... jti ;^ ^.--./-i. ■--■v-l 5-'-r MA ~ ' - V ' . 

75 5. The decorative material acceding to.cjaim, j, whereip printer Jayer : ha§ a.yield strength of not less than 0.6 kgf 
and a breaking strength of not less than 1.0 kgf, the yield strength and the breaking strength having been measured 
in such a manner that two biaxially stretched polyethylene terephthalate film strips having a thickness of 50 urn and 
a width of 1 0 mm are laminated on top of the other through a 3 ^m-thick primer layer so as for the end of one of the 
strips to overlap with the end of the other strip by 10 mm and, in this state, the two biaxially stretched polyethylene 

20 terephthalate film strips sre^ 

6. The decorative materia! acqoxd'^toclcum 5,/yvfrerein the primer Jayer has a yield strength of 0.6 to 3.0 kgf and a 
breaking strength of 1 .0 to 4.6 kgf. 

25 7. A decorative materiaL.pomprisigg : . ! . v ,, v h . ^ . 

3 substratepenetr^ 

a penetratibnrinhibitipg coating provided oh the siibstrate. for inhibiting the penetration of the ionizing radiation- 
curaWe resin composition; 

30 a cissing pattern provided on the penetration-inhibiting coating, fqr repelling th^ ionizing radiation-curable resin 

composition; and 

a top coat provided on the penietratipn-inhibiting coating including the cissing pattern, the top coat comprising 
an ionizing radiation-cured resin composition, concaves being defined by the top coat, the concaves having 
been formed as a result of cissing of the ionizing radiation-curable resin composition from on the cissing pat- 
35 tern in the course of the formation of the top coat from the ionizing radiation-curable resin composition. 

8. The decorative material according to -claim 7, wherein the penetration-inhibiting coating has been formed from a 
composition corrposed rnainly of.qri til-resistant resin, . . 

40 9. The decorative material according to claim 8, wherein the oil-resistant resin is selected from the group consisting 
of a nolyyinylbutyral resin, a polyvinyl alcohol resin, an acrylic resin, and a mhftifjB pf, at least one of said resins with 
a thermosetting resin. : ; , , : - . 

10. The decorative material according to claim 8. wherein the oil -resistant r^sin comprises a thermosetting resin and 
45 an ionizing radiation-curable prepolymer, oligomer, or monomer. 

11. The decorative material according to claim 7, wherein the top. coat contains spherical pa^ 

1 2. The decorative material according to claim 1 1 , wherejn the diameter of the spherical particles is 30 to 200% of. the 
so thickness of the.top coat. . , : 

13. The decorative material according to claim 7, wherein the penetration-inhibiting coating functions also as a stress- 
relaxing layer for relaxing shrinkage stress caused at the time of curing of the ionizing radiation-curable resin for the 
formation of the ionizing radiation-cured resin constituting the top coat. 

55 

14. The decorative materia! according to claim 13, wherein the penetration-inhibiting coating has a yield strength of not 
less than 0.6 kgf and a breaking strength of not less than 1 .0 kgf. the yield strength and the breaking strength hav- 
ing been measured in such a manner that two biaxially stretched polyethylene terephthalate film strips having a 
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thickness of 50 fim and a width of 10 mm are laminated on top of the other through a 3 nm-thick primer layer so as 
for the end of one of the strips to overlap with the end of the other strip by 10 mm and. in this state, the two biaxially 
stretched polyethylene terephthalate film strips art pulled at a temperature of 70°C in opposite directions. 

1 5. The decorative material according to claim 1 4. wherein the penetration-inhibiting coating has a yield strength of 0.6 
to 3.0 kgf and a breaking strength of 1.0 to 4.0 kgf. 

16. A decorative material comprising: 

a substrate formed of paper; 

a print layer provided on the substrate; 

a sealer layer provided on the print layer; and 

a top coat provided on the sealer layer, the top coat comprising a crcssflnKed resin, 

the top coat being regulated to a coefficient of dynamic friction of 0.3 to 0.6 in the gloss (75 degrees) range of 
10 to 50. 

1 7. The decorative material according to claim 1 6. wherein the print layer comprises a colored solid layer and/or a pat- 
tern layer. 

18. The decorative material according to claim 16. wherein the sealer layer contains a matting agent. 

1 9. The decorative material according to daim 1 6. wherein the sealer layer has a yield strength of not less than 0.6 kgf 
and a breaking strength of not less than 1 .0 kgf. the yield strength and the breaking strength having been measured 
in such a manner tflat two biaxially stretched polyethylene terephthalate film strips having a thickness of 50 jim and 
a width of 1 0 mm are laminated on top of the other through a 3 jrm-thick primer layer so as for tne end of one of the 
strips to overlap with the end of the other strip by 10 mm and. in this state, the two biaxially stretched polyethylene 
terephthalate film strips are pulled at a temperature of 70°C in opposite directions. 

20. The decorative material according to claim 19. wherein the sealer layer has a yield strength of 0.6 to 3.0 kgf and a 
breaking strength of 1.0 to 4.0 kgf. 

21. A decorative material comprising: 

a substrate formed of paper; 
a first sealer layer provided on the substrate; 
a print layer provided on the first sealer layer; 
a second sealer layer provided on the print layer; 

a top coat provided on the second sealer layer, the top coat comprising a crosslinked resin, 
the total thickness of the layers being not more than 50 urn. 

22 The decorative material according to claim 21 . which has a moisture permeability after 24 hr of not more than 600 
g/m 2 as measured according to the cup method specified in J IS (Japanese Industrial Standards). 

23. The decorative material according to daim 21 . wherein the top coat comprises an ionizing radiation-cured resin. 

24. The decorative material according to daim 21 . wherein the top coat contains a water-repellent material. 

25. The decorative material according to daim 21 . wherein the topcoat contains a hydrophobic silica. 

26. The decorative material according to claim 21 . wherein the first sealer layer and/or the second sealer layer com- 
prise a crosslinked resin. 

27. The decorative material according to daim 21 . wherein the first sealer layer and/or the second sealer layer have a 
yield strength of not less than 0.6 kgf and a breaking strength of not less than 1.0 kgf. the yield strength and the 
breaking strength having been measured in such a manner that two biaxially stretched polyethylene terephthalate 
film strips having a thickness of 50 urn and a width of 10 mm are laminated on top of the other through a 3 Mm-thick 
primer layer so as for the end of one of the strips to overlap with the end of the other strip by 10 mm and. in this 
state the two biaxially stretched polyethylene terephthalate film strips are pulled at a temperature of 70°C in oppo- 
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site directions. 


28. The decorative material according to ela.im.21 ^wherein the first sealer layer arid/or the second sea'er layer have a 
yield strength of 0.6 to 3.0 kgf and a breaking strength of 1 .0 to 4.0 kgf. 

29. The decorative material according to claim 1 , wherein the protective layer has a maximum temperature, at which 
the protective layer can withstand, of 1 70°C. 

30. The decorative material according to claim 7, 1 6 or 21 , wherein the top coat has a maximum temperature, at which 
io the protective layer can withstand, of 1 70°C. 

31 . The decorative material according to claim 29 or 30, wherein the decorative material has a surface gloss of not less 
than 90 as measured with a Gardner /5-degree gloss meter. 

is 32. The decorative material according to claim 1 , wherein the print layer comprises a pattern having lower air permea- 
bility than the other portions and has, on its whole surface, the protective layer. 

33. The decorative material according to claim 32, wherein the protective layer contains high-hardness spherical par- 
ticles for improving abrasion resistance. 


20 


25 


34. The decorative material according to claim 33, wherein the high-hardness spherical particles are spherical a-alu- 
mina. *% 

35. The decorative material according to claim 32, wherein concaves and convexes coreistent wrtrift^ 

lower air permeability are provided on the sur^e of the decorative material. , :; . nr . { ... ,.-, r?IV 
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